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A B S T R A C T 
During the l a s t 20 years, d r i p i r r i g a t i o n has 
assumed an important p o s i t i o n amongst the various methods 
of f i e l d i r r i g a t i o n . However, f o r t h i s r e l a t i v e l y h i g h l y 
s o p h i s t i c a t e d i r r i g a t i o n technique, we s t i l l have t o 
e s t a b l i s h which are the most a p p r o p r i a t e f i e l d s of 
a p p l i c a t i o n . U n t i l t h i s has been achieved, i n many cases 
t r a d i t i o n a l i r r i g a t i o n methods w i l l be a p p l i e d where 
d r i p i r r i g a t i o n could give b e t t e r r e s u l t s and vice- versa. 
I n t h i s study, f i r s t the main c h a r a c t e r i s t i c s of 
the d i f f e r e n t i r r i g a t i o n methods and t h e i r c o n d i t i o n s 
r e q u i r e d f o r t h e i r a p p l i c a t i o n are s t a t e d t o provide the 
basic data f o r l a t e r a n a l y s i s . The environmental, economic 
and human requirements as w e l l as associated c u l t i v a t i o n 
p r a c t i c e s are then r e l a t e d t o each i r r i g a t i o n method. 
A d d i t i o n a l data, obtained by f i e l d research work and 
from other case study evidence are used t o demonstrate 
the d i f f e r e n t i n t e r r e l a t i o n s h i p s between the o p p o r t u n i t y 
and c o n s t r a i n t c o n d i t i o n s present i n any give n s i t u a t i o n , 
and the requirements of the d i f f e r e n t i r r i g a t i o n methods. 
More s p e c i f i e d a n a l y s i s i s then extended to deal 
w i t h f u r t h e r t h e o r e t i c a l and p r a c t i c a l data r e l e v a n t t o 
the a p p l i c a t i o n of d r i p i r r i g a t i o n . This demonstrates 
the complex way i n which t h i s i r r i g a t i o n method i s 
in f l u e n c e d by diverse c o n d i t i o n s . 
F i n a l l y , these a n a l y t i c a l r e s u l t s are presented 
i n a c l a s s i f i c a t o r y system which allows us t o i n t r o d u c e 
a r e l a t i v e l y simple system of comparing the t e c h n i c a l 
and economic appropriateness of the d i f f e r e n t i r r i g a t i o n 
methods i n the context of a range of l o c a l c o n d i t i o n s . 
This comparative overview also forms the basis f o r 
gu i d e l i n e s t o the s e l e c t i o n of the most a p p r o p r i a t e method, 
w i t h s p e c i a l references t o d r i p i r r i g a t i o n . 
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Climate 
humid 
semi a r i d 
a r i d 
Water q u a n t i t y 
l i m i t e d 
moderate 
u n l i m i t e d 
= more p r e c i p i t a t i o n than evaporation 
p o t e n t i a l i s given. 
= more p r e c i p i t a t i o n than evaporation 
p o t e n t i a l d u r i n g winter season and 
during summer season vice versa, also 
c a l l e d 'maritime c l i m a t e ' . 
= more evaporation p o t e n t i a l than 
p r e c i p i t a t i o n i s given. 
only a l i m i t e d p a r t of the a v a i l a b l e 
area can be watered because of e i t h e r 
water shortage or the very high cost 
of water. 
the q u a n t i t y of i r r i g a t i o n water i s 
normally s u f f i c i e n t ; however water 
shortage occurs occasionally d u r i n g 
i r r i g a t i o n season, and / or high water 
costs occur, 
more water i s a v a i l a b l e than can be 
used f o r i r r i g a t i o n , , 
Water s a l i n i t y 
low = 
moderate (and medium) = 
high = 
< 250 micromhos/cm a t 25 °C 
250 - 2,250 micromhos/cm a t 25 °C 
2,250 - A,000 micromhos/cm a t 25 °C 
the water contains s o l i d s which are 
bigger than the mesh-sizes of standard 
f i l t e r s ; only traces of chemical 
i m p u r i t i e s . 
most of the s o l i d s i n the water are bigger 
than the mesh-sizes of standard f i l t e r s ; 
w i t h chemical i m p u r i t i e s , the water contains 
up to 0.1 mg/1 dissolved i r o n and up t o 
200 mg/1 dissolved carbonates. 
most of the s o l i d s i n the water are 
smaller than the mesh-sizes of standard 
f i l t e r s ; i t contains more than 0.1 mg/1 
dissolved i r o n and/or more than 200 mg/1 
dissolved carbonates. 
land l e v e l l i n g f o r surface f l o o d i n g can 
be necessary to get the r e q u i r e d slope. 
land l e v e l l i n g f o r surface f l o o d i n g 
consists mainly i n s l i g h t c o r r e c t i v e s 
i n order to o b t a i n an even s l o p e 0 
l a y out of surface i r r i g a t i o n must be 
adapted t o the contours; f o r basin 
i r r i g a t i o n , voluminous earth moving 
i s r e q u i r e d . 
very voluminous earth moving operations 
are r e q u i r e d ; terraces must be normally 
constructed f o r surface i r r i g a t i o n . 
heavy c l a y (more than 60 % c l a y ) , s i l t y 
c l a y , sandy c l a y , s i l t y c l a y loam, clay 
loam, sandy c l a y loam. 
s i l t loam, loam, very f i n e sandy loam, 
f i n e sandy loam, sandy loam. 
loamy f i n e sand, loamy sand, sand, coarse 
sand 
x i i i 
Drainage - p e r m e a b i l i t y -
high 
moderate 
i n h i b i t e d 




= pervious s o i l , r e f e r r i n g to the i n t e r n a l 
drainage of the r o o t zone, which permits 
excess water to fl o w through i t i n a 
downward direction„ 
= semi-pervious s o i l , poor i n t e r n a l drainage, 
i r r i g a t i o n water becomes temporally 
stagnant i n the r o o t zone, 
= impervious s o i l , i n t e r n a l drainage of the 
root zone i n i n h i b i t e d by formation o f 
so c a l l e d perched water t a b l e s , 
= c u l t i v a t i o n s which are s e n s i t i v e to water 
s t r e s s , e. g„ vegetables f o r which the 
s o i l i n the r o o t zone should be kept moist 
or c u l t i v a t i o n s i n which the y i e l d i s 
clos e l y c o r r e l a t e d to permanent water 
a v a i l a b i l i t y as w i t h forage crops. 
= c u l t i v a t i o n s such as t r e e crops, containing 
large r o o t system w i t h h i gh water 
absorption c a p a c i t i e s which are u s u a l l y 
i r r i g a t e d a t longer i n t e r v a l s than 
vegetables or forage crops. 
= c u l t i v a t i o n s which are po s s i b l e w i t h o u t 
i r r i g a t i o n , such as o l i v e t r e e s , m i l l e t 
or sunflowers, but which can also be 
watered to o b t a i n higher y i e l d s by supple-
menting the s o i l moisture present 
through p r e c i p i t a t i o n . 
d i s t r i b u t i o n 
= e l e c t r i c i t y , f u e l or g r a v i t y i s 
s u f f i c i e n t l y a v a i l a b l e , 
= because of high energy costs or l i m i t e d 
a v a i l a b i l i t y of f u e l , e l e c t r i c i t y or 
g r a v i t y , but s u f f i c i e n t t o d r i v e small 
pump u n i t s f o r pressure i r r i g a t i o n . 
= e l e c t r i c i t y , f u e l or g r a v i t y i s i n s u f f i c i e n t 
or too expensive f o r the frequent d r i v i n g 
of pump u n i t s of more than 1 bar pressure. 
= as p r i v a t e l y owned c a p i t a l or as s p e c i a l 
long term c r e d i t s a t low i n t e r e s t r a t e s . 
= l i m i t e d p r i v a t e l y owned c a p i t a l ; c r e d i t s 
are only a v a i l a b l e at high i n t e r e s t 
r a t es and/or at shor t terms. 
= l i t t l e p r i v a t e owned c a p i t a l ; c r e d i t s are 
i n s u f f i c i e n t f o r the proposed operations; 
high i n t e r e s t r a t es by short term c r e d i t s . 
= t r a i n e d and experienced i n g i v i n g c o r r e c t 
advice i n the whole complex of i r r i g a t i o n 
as w e l l as t o solve problems o c c u r r i n g i n 
i r r i g a t i o n and i r r i g a t e d crop production; 
able to cooperate w i t h farmers. 
= overtaxed t o i n t e g r a t e i r r i g a t e d crop 
production i n t o the complex of economic 
and environmental conditions« 
= lack of t r a i n i n g and experience, not able 
t o cooperate w i t h farmers. 
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a v a i l a b l e 
l i m i t e d 
r e s t r i c t e d 
at a l l times and at low cost l e v e l . 
during the year of i r r i g a t i o n season; 
high cost l e v e l . 
being able and i n t e r e s t e d to manage 
d e t a i l s and disturbances i n i r r i g a t i o n 
independently; easy to be t r a i n e d f o r 
handling new techniques. 
low f l e x i b i l i t y and i n t e r e s t l e v e l i n 
t a k i n g up new technologies; f a m i l i a r i z e d 
w i t h t r a d i t i o n a l techniques only. 
low l e v e l of i n t e r e s t i n working processes; 
not able t o take i n t e c h n i c a l d e t a i l s ; 
a c t i n g on d a i l y d i r e c t i o n s . 
as being the standard of modern i r r i g a t i o n 
techniques and agrotechnological l e v e l . 
mostly t r a d i t i o n a l l e v e l , but able and 
w i l l i n g to take up modern technologies. 
t r a d i t i o n a l technologies w i t h poor 
a t t i t u d e s t o change customary p r a c t i c e s . 
without problems over a sho r t p e r i o d of 
time. 
o b t a i n i n g spare p a r t s takes a time of 
a few days; c e r t a i n spare p a r t s are 
occ a s i o n a l l y not a v a i l a b l e ; s p e c i a l stocks 
of q u i c k l y wearing parts i s necessary. 
o b t a i n i n g spare parts takes a time of 
more than one week, e. g. i f they must 
be imported; voluminous stocks of spare 
i s indispensable. 
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I N T R O D U C T I O N 
Among the d i f f e r e n t methods of f i e l d i r r i g a t i o n , 
the technique of d i s t r i b u t i n g water t o the pl a n t s by 
d r i p i r r i g a t i o n represents a s o p h i s t i c a t e d t e c h n o l o g i c a l 
l e v e l which would be broadly accepted by both farmers 
and s c i e n t i s t s , i n a r i d as w e l l as i n humid r e g i o n s , as 
being the most water saving i r r i g a t i o n technology, s u i t a b l e 
f o r i r r i g a t i n g a l l kinds of row crops under open a i r 
c o n d i t i o n s and i n greenhouses. The t r e n d towards the use 
of water saving i r r i g a t i o n methods has been f o r c e d by 
the c o m p e t i t i o n between i r r i g a t e d a g r i c u l t u r e , i n d u s t r y 
and domestic demand f o r l i m i t e d water resources, as w e l l 
as by the o f t e n l i m i t e d water q u a n t i t i e s a v a i l a b l e a t 
farm l e v e l . The savings i n energy and labour i n p u t s have 
also favoured the now world-wide use of d r i p i r r i g a t i o n 
systems. 
i r r i g a t i o n as w e l l as of other i r r i g a t i o n methods are 
known, the que s t i o n of which i r r i g a t i o n method w i l l be 
optimal i n any give n l o c a l c o n d i t i o n s remains not easy 
to answer because of the wide range of s p e c i f i c requirements. 
Above a l l , f a i l u r e s and break-downs of d r i p i r r i g a t i o n 
as w e l l as of other i r r i g a t i o n methods happen i f the 
p a r t i c u l a r i r r i g a t i o n method employed could not be 
embeded i n t o the c o n s t e l l a t i o n of l o c a l c o n d i t i o n s . This 
t h e s i s i s an attempt t o present an e v a l u a t i o n of 
comparative data about the i n t e r r e l a t i o n s h i p of c o n d i t i o n s 
which i n f l u e n c e the c o n s t r u c t i o n and s e r v i c e a b i l i t y as 
w e l l as the economic and agrotechnologic aspects of d r i p , 
I n s p i t e of the f a c t t h a t advantages of d r i p 
fa* S C I E N C E 
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s p r i n k l e r and surface i r r i g a t i o n , the argument i s 
developed and i l l u s t r a t e d by d i f f e r e n t case s t u d i e s . 
Basic fundamental data f o r the comparison of 
d i f f e r e n t i r r i g a t i o n methods given i n Chapter One 
presents an overview of the main c h a r a c t e r i s t i c s of the 
most common surface i r r i g a t i o n methods as w e l l as of 
s p r i n k l e r and d r i p i r r i g a t i o n . I n Chapter Two, the 
e f f e c t i v i t i e s of these i r r i g a t i o n methods, e.g. i-n terms 
of t h e i r water e f f i c i e n c i e s as w e l l as cost f a c t o r s , are 
determined and f i n a l l y u t i l i z e d as basic data f o r a case 
study where surface, s p r i n k l e r and d r i p i r r i g a t i o n 
methods are compared. I n Chapter Three, the main f a c t o r s 
i n f l u e n c i n g the design of i r r i g a t i o n systems are analyzed 
and f i n a l l y subsumed i n an overview comparing the 
i n t e r r e l a t i o n s h i p of d i f f e r e n t c o n d i t i o n s t o d i f f e r e n t 
i r r i g a t i o n methods. The content of Chapter Pour i s 
concentrated on the comparison of d r i p i r r i g a t i o n w i t h 
s p r i n k l e r and surface i r r i g a t i o n . A case study shows the 
p o s s i b i l i t y of i n t e g r a t i n g d r i p i r r i g a t i o n i n t o an 
e x i s t i n g i r r i g a t i o n network a t farm l e v e l . Samples are 
given of d i f f e r e n t layouts and a p p l i c a t i o n modes f o r 
d r i p i r r i g a t i o n . F i n a l l y , i t i s shown how t o apply the 
design c r i t e r i a w i t h the u l t i m a t e aim of determining 
the i r r i g a t i o n method most a p p r o p r i a t e t o l o c a l c o n d i t i o n s . 
The main emphasis of t h i s work, t h e r e f o r e , l i e s 
i n e s t a b l i s h i n g how d r i p i r r i g a t i o n should be a p p l i e d 
and under which c o n d i t i o n s . Furthermore, i t may be used 
as a guidance f o r the s e l e c t i o n of t h i s or other 
i r r i g a t i o n method or methods which are most a p p r o p r i a t e 
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to l o c a l c o n d i t i o n s . 
This t h e s i s i s based on research and p r a c t i c a l 
work i n i r r i g a t e d a g r i c u l t u r e d u r i n g my stay i n 
Colombia S.A., Spain and N o r t h - A f r i c a , together w i t h 
the references s t a t e d a t the end of each Chapter and 
the b i b l i o g r a p h y presented a t the end of t h i s t h e s i s . 
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C H A P T E R O N E 
1. METHODS OF FIELD IRRIGATION 
The problem, of supplying water to the l o c a t i o n s 
of plants ( i r r i g a t i o n ) c o n s i s t s mainly of t r a n s p o r t i n g 
the water t o the f i e l d and of d i s t r i b u t i n g the water 
onto the f i e l d . 
U sually the methods of i r r i g a t i o n are c l a s s i f i e d 
according t o the d i s t r i b u t i o n c h a r a c t e r i s t i c s . The o l d e s t 
methods of i r r i g a t i o n u t i l i z e the f i e l d surface or 
subsurface and the slope of the land thus d i r e c t i n g the 
water f l o w t o the p l a n t s . The s u p e r f i c i e s of these 
methods are e s s e n t i a l l y two-dimensional, the t h i r d v e r t i c a l 
dimension being fundamentally important only i n a f f e c t i n g the 
plan of o p e r a t i o n . 
For t h i s reason, land p r e p a r a t i o n , l e v e l l i n g and/or 
c o n s t r u c t i o n of necessary r i d g e s and d i t c h e s t o d i r e c t 
the water f l o w i s u s u a l l y necessary. The surface of the 
land and the d i f f e r e n t s o i l s represent the main p a r t of 
the i r r i g a t i o n systems. I r r e s p e c t i v e the d i f f e r e n c e s i n 
s o i l s and slopes a l l land p r e p a r a t i o n has t o be adapted 
to these c o n d i t i o n s . 
Further steps i n i r r i g a t i o n technology were taken 
by using pressure pipes w i t h adapted devices t o d i s t r i b u t e 
the i r r i g a t i o n water onto the f i e l d v i a j e t s as i n 
t p s e u d o - r a i n f a l l . j / w i t h t h i s so c a l l e d s p r i n k l e r i r r i g a t i o n 
the s p e c i a l p r e p a r a t i o n or r e c t i f i c a t i o n of the land 
surface w i t h regard t o the h y d r a u l i c g r a d i e n t s f o r f l o w 
i r r i g a t i o n i s not necessary. 
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For the purpose of conducting the i r r i g a t i o n water 
d i r e c t l y t o the p l a n t s , m o i s t u r i n g only the r o o t zone, 
d r i p i r r i g a t i o n systems were const r u c t e d . These systems 
c o n s i s t of a network of f l e x i b l e surface or subsurface 
pipes equipped w i t h s p e c i a l o u t l e t s ( e m i t t e r s ) or porous 
pipe w a l l s , thus, a l l o w i n g only small amounts of water 
per u n i t of time to leave the pipe system a c c u r a t e l y a t 
the s i t e of each p l a n t . 
To l a y a f o u n d a t i o n f o r l a t e r comparison of 
i r r i g a t i o n methods, t h i s Chapter examines the basic 
c h a r a c t e r i s t i c s of the main i r r i g a t i o n methods as 
c l a s s i f i e d by d i s t r i b u t i o n techniques. 
1.1 SURFACE IRRIGATION 
With surface i r r i g a t i o n systems the water i s u s u a l l y 
a p p l i e d a t f i e l d l e v e l e i t h e r as a broad stream or i n 
narrow l i n e a r flows - f u r r o w s . This expression includes 
'furrow i r r i g a t i o n * . 
Each method has c e r t a i n v a r i a t i o n s which are adapted 
to s p e c i f i c s o i l , topography, management and c u l t i v a t i o n 
c o n d i t i o n s . Surface i r r i g a t i o n a l s o means t h a t the surface 
zone of the s o i l i t s e l f represents the i r r i g a t i o n system by 
conducting and r e t a i n i n g the water as w e l l as p r o v i d i n g the 
growing base of the p l a n t s . The s o i l thus forms an a c t i v e 
p a r t of the i r r i g a t i o n method. 
Us u a l l y , i r r i g a t i o n water has t o f l o w from the i n t a k e 
of the upper p a r t of an i r r i g a t e d p l o t to the lower end. I n 
order to e s t a b l i s h such c o n t i n u i t y , a minimum amount of 
water per i r r i g a t i o n cycle i s r e q u i r e d by a l l surface 
i r r i g a t i o n methods, a t farm l e v e l u s u a l l y some 50 mm. 
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Water i s u s u a l l y a p p l i e d i n cycles of 8 - 20 days t o 
r e p l e n i s h depleted amounts i n the s o i l . Therefore, n e i t h e r 
continuous watering ( i n t h i s t h e s i s taken as meaning 
i r r i g a t i o n cycles w i t h short i n t e r v a l s of less than 1 day) 
nor d a i l y w a t e r i n g can be p r a c t i c e d . Precise q u a n t i f i c a t i o n 
of i r r i g a t i o n water or i n other words, an absolute c o n t r o l 
over the i r r i g a t i o n water, cannot be achieved by 
surface f l o o d i n g . 
1.1.1 RUN-OFF IRRIGATION 
The expression ' r u n - o f f i r r i g a t i o n ' does not s t r i c t l y 
mean a s p e c i f i c method of water d i s t r i b u t i o n but i s r a t h e r 
a method of c o n c e n t r a t i n g and d i v e r t i n g t o s p e c i f i c areas 
water from p r e c i p i t a t i o n f a l l i n g over a r e l a t i v e l y l a r g e r 
area. The r u n - o f f produced by p r e c i p i t a t i o n on a catchment 
area may cause surface r u n - o f f which i s c o l l e c t e d by a 
system of d i t c h e s through which the water i s conducted onto 
the i r r i g a t e d area. Run-off i r r i g a t i o n represents the sole 
method of i r r i g a t i o n which works w i t h o u t any a r t i f i c i a l 
water supply. This i r r i g a t i o n method, c a l l e d 'water 
h a r v e s t i n g ' i s , f o r example, s t i l l i n use i n the Arab 
Republic of Yemen. 
S o i l and Topography 
Topography, s o i l , v e g e t a t i o n and c l i m a t i c c o n d i t i o n s 
determine surface r u n - o f f . The topography of the catchment 
area and the amount of p r e c i p i t a t i o n determine the r u n - o f f 
volume q u a n t i t i e s which i s a t head i n the i r r i g a t e d area. 
The i n f i l t r a t i o n r a t e i n the catchment area t h e r e f o r e should 
be as low as po s s i b l e so t h a t even s l i g h t p r e c i p i t a t i o n can 
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produce r u n - o f f . The best c o n d i t i o n s are found on loamy 
and clay s o i l s w i t h very low i n f i l t r a t i o n r a t e s . On loess 
s o i l s 30$ to 50% 1* 1 of the p r e c i p i t a t i o n , depending on 
the r a i n f a l l i n t e n s i t y , slope and degree of s a t u r a t i o n of the 
s o i l , may be a v a i l a b l e as r u n - o f f water. 
Design C r i t e r i a 
The l a y o u t of the r u n - o f f i r r i g a t i o n system has t o 
be designed t o absorb the expected maximum p r e c i p i t a t i o n 
i n t e n s i t y . I f the i r r i g a t e d area cannot absorb t h i s t o t a l 
r u n - o f f , water storage basins may be co n s t r u c t e d . 
I n f o r m a t i o n from the Negev Desert, I s r a e l , shows 
t h a t , under general a r i d zone c o n d i t i o n s , the size of the 
catchment area i s r e l a t e d t o the s i z e of area to be 
i r r i g a t e d as 25 t o 1 . 1 , 1 
Supply and D i s t r i b u t i o n of Water 
The d i s t r i b u t i o n d i t c h e s which i r r i g a t e the area 
(furrows or basins) are supplied v i a a system of c o l l e c t i n g 
d i t c h e s . 
Crops 
Us u a l l y forage crops, c e r e a l s , t r e e s and row crops 
may be i r r i g a t e d by the r u n - o f f i r r i g a t i o n system. 
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1.1.2 WILD FLOODING IRRIGATION 
Wild f l o o d i n g probably i s one of the e a r l i e s t forms 
of i r r i g a t i o n . From a head d i t c h along the high edge of 
a s l o p i n g f i e l d the i r r i g a t i o n water i s allowed at f r e q u e n t 
i n t e r v a l s of time t o s p i l l f r e e l y d o w n h i l l . To provide an 
adequate f l o w the d o w n h i l l may have t o be corrected by 
subhead d i t c h e s spaced at i n t e r v a l s of 30 to 60 metres. 
S o i l and Topography 
As the i r r i g a t i o n water runs i n a broad stream 
d o w n h i l l the time of contact w i t h the s o i l f o r i n f i l t r a t i o n 
i s r e l a t i v e l y s h o r t . I n order to a l l o w a s u f f i c i e n t deep 
i n f i l t r a t i o n i n t o the r o o t zone the s o i l should have an 
i n f i l t r a t i o n r a t e of more than 10 mm/h. Therefore w i l d 
f l o o d i n g should not be a p p l i e d on f i n e t e x t u r e d s o i l s , 
such as c l a y s , which have a very low i n f i l t r a t i o n 
c a pacity. 
On heavy s o i l s or s o i l s w i t h o u t v e g e t a t i o n the 
maximum slope i s ca. On permeable sandy s o i l s which 
1 2 
are covered by t u r f , a slope t o 20% ' can be t o l e r a t e d . 
Examples may be found i n E n g l i s h water meadows, Spanish 
G a l i c i a n grassland areas and i n L a t i n America. 
To o b t a i n an uniform water d i s t r i b u t i o n a minimum 
of land grading i s necessary. 
Design C r i t e r i a 
The v e l o c i t y of the water f l o w down the slope i s 
normally below 0.3 m/s. I f s u f f i c i e n t water i s t o reach 
the lower end the f i e l d should not be longer than about 
100 metres. Longer than t h i s and the upper p a r t w i l l be 
-9-
o v e r - i r r i g a t e d . I n t h i s case, the f i e l d has to be 
d i v i d e d by p a r a l l e l running subhead or feeder d i t c h e s 
1 3 
i n t o p l o t s 30 t o 60 metres long. On uneven land or 
land w i t h cross slopes the water has t o be r e d i s t r i b u t e d 
by spreader d i t c h e s . 
Supply and D i s t r i b u t i o n of Water 
The water d e l i v e r y from the head d i t c h onto the 
f i e l d i s u s u a l l y r e g u l a t e d by o u t l e t s s i t u a t e d 2 t o 3 
1 
metres a p a r t . A continuous f l o w r a t e from 0.7 to 1.0 l/s/ha 
i s r e q u i r e d . 
Because of the continuous d o w n h i l l f l o w a danger of 
ponding a t the lowest end of the f i e l d i s created. Therefore 
the water f l o w has t o be i n t e r r u p t e d before i t reaches the 
end of the f i e l d or an end d i t c h has t o be constructed t o 
c o l l e c t the waste water. 
The main problems of t h i s i r r i g a t i o n method are: 
a r e l a t i v e l y h i g h i n e q u a l i t y of water d i s t r i b u t i o n and a 
low i r r i g a t i o n e f f i c i e n c y r e s u l t i n g i n l o c a l e rosion and/or 
surface s e a l i n g of the s o i l . Furthermore s a l t l e a ching by 
w i l d f l o o d i n g i r r i g a t i o n i s not p o s s i b l e e s p e c i a l l y because 
water w i t h h i g h s a l t content should not be used. Wherever 
i r r i g a t i o n water accumulates a danger of water l o g g i n g 
and o v e r s a l t i n g i s present. 
Crops 
The w i l d f l o o d i n g i r r i g a t i o n method i s mainly used 
f o r p e r e n n i a l crops which p r o t e c t the s o i l against water 
e r o s i o n (water meadows). I t i s also used f o r i r r i g a t i n g 
low-income crops on steep lands where the amount of water 
and u n i f o r m i t y of d i s t r i b u t i o n i s not a major c o n s i d e r a t i o n . 
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1.1.3 BORDER IRRIGATION 
Border i r r i g a t i o n i s a method of surface i r r i g a t i o n 
i n which the land i s d i v i d e d i n t o p a r a l l e l borders. The 
land surface between two borders i s c a l l e d a border s t r i p . 
The water i s supplied i n t o each s t r i p from a head d i t c h a t 
i t s upper end. 
The s i z e of the s t r i p s may vary from 3 m t o 30 m i n 
w i d t h and from 50 m to 800 m i n l e n g t h . ^ 
S o i l and Topography 
Deep permeable and medium t e x t u r e d s o i l s are the 
most s u i t a b l e . On f i n e t e x t u r e d clays or sandy s o i l s 
e i t h e r serious puddling or excessive water losses through 
heavy i n f i l t r a t i o n s at the upper end of the border s t r i p 
could r e s u l t . 
The downslope of the border s t r i p should be u n i f o r m 
and i n the range of 0.2% to 4%. The transverse p r o f i l e 
must be u n i f o r m l y l e v e l . The minimum slope r e q u i r e d to 
provide the h y d r a u l i c g r a d i e n t which w i l l cause the water 
to f l o w down the border s t r i p should not be less than 0.2% 
f o r deep rooted crops, such as t r e e s and a l f a l f a and 
1 3 
0.3% f o r shallow rooted crops. 
Design C r i t e r i a 
The main c r i t e r i o n i n the design of the border 
s t r i p s i s t o achieve u n i f o r m i t y i n the water d i s t r i b u t i o n . 
This i n v o l v e s a proper balance between s o i l type, slope, 
dimensions of the border s t r i p s and f l o w of water. Small 
stream s i z e s , h i gh i n f i l t r a t i o n r a t e s and low g r a d i e n t 
slopes r e q u i r e short and small sized border s t r i p s . Heavy 
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s o i l s or steep slopes a l l o w bigger l a y o u t s . 
There should not be cross slopes, furrows or de-
pressions w i t h i n a s t r i p which would cause an unequal water 
d i s t r i b u t i o n , the consequences of which would be water 
l o g g i n g , puddling and o v e r s a l t i n g . 
The g r a d i n g of the border s t r i p s and the p r e p a r a t i o n 
of the borders can be done by machinery. 
Supply and D i s t r i b u t i o n of Water 
As shown i n Table 1.1, the stream f l o w per metre 
w i d t h of the border s t r i p should be i n the range of 2 1/m/s 
to 15 1/m/s depending on the s o i l t e x t u r e , slope and vege-
t a t i o n . Too s m a l l or too l a r g e stream sizes r e s u l t i n the 
f o r m a t i o n of r i l l s or general e r o s i o n . 
The u n i f o r m i t y of the d i s t r i b u t i o n depends on the 
proper stream f l o w and c u t t i n g o f f the f l o w a t the c o r r e c t 
t i m e , u s u a l l y when three quarters of the f i e l d l e n g t h i s 
covered by the water. 
Crops 
Because of the s u s c e p t i b i l i t y t o erosion,border 
s t r i p i r r i g a t i o n i s mainly used f o r i r r i g a t i n g t r e e s , v i n e -
yards and p e r e n n i a l forage crops. 
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Table 1.1 : Suggested standards f o r the design 
of border s t r i p s . 
Depth S t r i p S t r i p 
S o i l type Slope ap p l i e d w i d t h l e n g t h Plow 
(*) (mm) (m) (m) l i t r e s / s e c . 
0.25 50 15 150 240 
100 15 250 210 
150 15 400 180 
1 . 0 0 50 12 100 80 
C oarse 100 12 150 70 
150 12 250 70 
2.00 50 10 60 35 
100 10 100 30 
150 10 200 30 
0.25 50 15 250 210 
100 15 400 180 
150 15 400 100 
1 .00 50 12 150 70 
Medium 100 12 300 70 
150 12 400 70 
2.00 50 10 100 30 
100 10 200 30 
150 10 300 30 
0 . 2 5 50 15 400 120 
100 15 400 70 
150 15 400 40 
1 .00 50 12 400 70 
Pine 100 12 400 35 
150 12 400 20 
2.00 50 10 320 30 
100 10 400 30 
150 10 400 20 
Source: Ref. 1.5 
1.1.4 BASIN IRRIGATION 
This i r r i g a t i o n method c o n s i s t s of h o r i z o n t a l l y 
l e v e l l e d f i e l d u n i t s , surrounded by borders, to form a 
basin. 
S o i l and Topography 
The main t e c h n i c a l c r i t e r i o n f o r the l a y o u t of the 
basi n size i s the i n f i l t r a t i o n r a t e of the s o i l . 
On a sandy s o i l w i t h a h i g h i n f i l t r a t i o n r a t e a 
l a r g e amount of water percolates r a p i d l y i n the area close 
t o the i n t a k e . However the f l o w cannot be stopped before 
s u f f i c e n t water has reached the whole basin area. I f the 
b a s i n i s too l a r g e water d i s t r i b u t i o n w i l l not be un i f o r m . 
Heavy s o i l s may al s o be e a s i l y attacked by g l e y i n g through 
b a s i n i r r i g a t i o n . Uniform water d i s t r i b u t i o n i n the basin 
i s a l s o c r i t i c a l l y dependant on a precise surface l e v e l . To 
get a f a s t even water f l o w , a slope of 0.1% to 0.5% i s 
u s u a l . ^ " ^ 
Where the n a t u r a l slope of the land i s steep, l e v e l l e d 
t e r r a c e s must be constructed t o form the basins. 
Design C r i t e r i a 
The siz e of the basins depends on the f o l l o w i n g 
c r i t e r i a ; 
- topography of the land 
- i n f i l t r a t i o n r a t e of the s o i l 
- a v a i l a b l e stream s i z e per u n i t of time 
The i n f i l t r a t i o n r a t e of the s o i l and the a v a i l a b l e 
f l o w r a t e are i n f l u e n t i a l f a c t o r s concerning the adequate 
l e n g t h of the basin r e s p e c t i v e t o the run l e n g t h . The 
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o p t i m a l s i z e of the basin as i n f l u e n c e d by these f a c t o r s 
i s shown i n Table 1.2. 
For s e e d l i n g p r o d u c t i o n i n green-houses as w e l l as 
2 
under open a i r c o n d i t i o n s , small sized basins of 1 m to 
2 
10 m are normally used. 
For i r r i g a t i n g young t r e e s small basins around the 
stems can be used, these are connected by small feeder 
d i t c h e s . 
Supply and. D i s t r i b u t i o n of Water 
The water i s d e l i v e r e d i n t o the basin by a head 
d i t c h using syphons or gated o u t l e t s . Basins on s o i l s 
w i t h h i g h i n f i l t r a t i o n p r o p e r t i e s have t o be f i l l e d 
q u i c k l y . 
For paddy p r o d u c t i o n a continuous water d e l i v e r y 
i s used. As a consequence of the heavy f l o o d i n g process 
the s o i l w i l l clog, and puddling of the upper s o i l l a y e r 
i s unavoidable. Between the i r r i g a t i o n cycles the 
puddled upper l a y e r d r i e s and forms a c r u s t which has t o 
be removed a f t e r each i r r i g a t i o n . G enerally, an a p p l i c a t i o n 
of l e s s than 60 mm of water depth per i r r i g a t i o n i s not 
possible because of the water has t o cover the complete 
bas i n s u r f a c e . 
Crops 
Orchards, r i c e , c o t t o n , c e r e a l s , forage crops and 
pasture as w e l l as s e e d l i n g p r o d u c t i o n are s u i t e d t o t h i s 
i r r i g a t i o n method. Crops which are s e n s i t i v e t o wet s o i l 
c o n d i t i o n s are seldom i r r i g a t e d by the basin i r r i g a t i o n 
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increase of the a i r humidity can be observed i n green-
houses or near the earth£ surface under open a i r c o n d i t i -
ons. This represents a r e s t r i c t i v e f a c t o r f o r the growth 
of fungus s e n s i t i v e crops, (see Chapter 3»1) 
1 . 1 . 5 FURROW IRRIGATION 
This method of surface i r r i g a t i o n i s accomplished 
by c a r r y i n g the water i n c l o s e l y a l i g n e d p a r a l l e l - f u r r o w s 
as i t moves down or across the slope of the f i e l d . The 
water i n f i l t r a t e s the sides ( l a t e r a l movement) and bottom 
of the f u r r o w s , soaking the s o i l almost e n t i r e l y . 
S o i l and Topography 
The method of furrow i r r i g a t i o n can be used on 
n e a r l y a l l s o i l types. R e s t r i c t i o n s appear on very sandy 
s o i l s and on heavy clays because of the h i g h i n f i l t r a t i o n 
r a t e on the former and s e n s i t i v i t y t o e r o s i o n and c l o g g i n g 
on the l a t t e r . 
The f u r r o w slope i s u s u a l l y i n the range of 0.02% 
1 6 
and 2.0% but should not be steeper than 3.0%. " On steep 
s l o p i n g lands the furrow d i r e c t i o n i s l a i d out a p p r o x i -
mately p a r a l l e l t o the contours. 
Design C r i t e r i a 
The f u r r o w l e n g t h corresponds t o the i n f i l t r a t i o n 
r a t e of the s o i l , the topographic c o n d i t i o n s and to the 
c o h e s i v i t y of the s o i l s . Corresponding data are shown i n 
Figure 1.1. 
With t h i s method, c a r e f u l land grading f o r uniform 
slopes i s e s s e n t i a l . 
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The f u r r o w s p a c i n g and s i z e depend on the p a r t i c u l a r 
c u l t i v a t i o n r e q u i r e m e n t s o f t h e c r o p s ; on average t h e 
f u r r o w s a r e about 0.4 m h i g h and spaced a t d i s t a n c e s o f 
0.5 m and 1.8 m. 
A h i g h s a l t c o n t e n t o f t h e i r r i g a t i o n w a t e r o r s o i l 
can c r e a t e s e r i o u s problems o f s a l i n a t i o n . W i t h c a p i l l a r y 
r i s e , s o l u b l e s a l t s a r e moved upward and te n d t o c o n c e n t r a t e 
on t h e s u r f a c e o f t h e r i d g e s due t o e v a p o r a t i o n . Damage t o 
s a l t s e n s i t i v e crops and i n p a r t i c u l a r g e r m i n a t i o n i n h i b i t i o n , 
i s p r e v e n t e d by p l a n t i n g seeds a l o n g one or b o t h f u r r o w 
s i d e s , away f r o m t h e r i d g e where t h e s a l t s c o n c e n t r a t e by 
c a p i l l a r y r i s e . 
Supply and D i s t r i b u t i o n o f Water 
The w a t e r i s s u p p l i e d by a head d i t c h and moves 
down or a c r o s s t h e s l o p e o f t h e f i e l d . 
The w a t e r i n t a k e r a t e a t t h e head o f each f u r r o w 
depends on f u r r o w l e n g t h and s l o p e and on t h e i n f i l t r a t i o n 
r a t e o f t h e s o i l . I f e r o s i o n i s t o be a v o i d e d t h e i n t a k e 
r a t e s h o u l d be i n t h e range o f 0.5 l / s t o 3-0 l / s per 
1 3 
f u r r o w b u t n o t exceed 6.0 l / s . The most common way o f 
c o n t r o l l i n g t h e wa t e r d e l i v e r y f r o m t h e head d i t c h i n t o 
t h e f u r r o w s i s t o use i r r i g a t i o n syphons. 
Where a s t r i c t c o n t r o l o f t h e w a t e r i n t a k e i s 
r e q u i r e d , a s m a l l d i t c h s h o u l d be c o n s t r u c t e d p a r a l l e l 
w i t h and below t h e head d i t c h ( f o r e b a y o r a u x i l i a r y d i t c h ) . 
The water w i l l f l o w f r o m here t h r o u g h s h o r t p i p e s ( s p i l e s ) 
p l a c e d a c r o s s t h e d i t c h bank and i n t o t h e f u r r o w s . 
-18-
Figure 1.1 • Suggested lengths of cultivated furrows for different 
soils, slopes and depths of water to be applied (After r e f . 1 . 3 ) 



















































































f u r r o w l e n g t h i n m e t r e s 
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Crops 
Furrow i r r i g a t i o n i s m a i n l y used on row crops such 
as tomatoes, p o t a t o e s , v e g e t a b l e s under open a i r c o n d i t i o n s 
as w e l l as i n greenhouses and o r c h a r d s . As s t a t e d i n 
Chapter 3«1> i n c r e a s e d a i r h u m i d i t y can r e s u l t as a 
r e s t r i c t i v e f a c t o r f o r some c r o p s . T h i s occours even t h o u g h 
i n c omparison w i t h b a s i n i r r i g a t i o n ( C h apter 1.1.4) about 
one q u a r t e r o f t h e e a r t h s s u r f a c e may be k e p t d r y by 
f u r r o w i r r i g a t i o n . 
1.1.6 CORRUGATION IRRIGATION 
By t h i s method o f i r r i g a t i o n , s m a l l amounts o f 
wate r f l o w down t h e s l o p e i n s m a l l V or U-shaped f u r r o w s , 
c a l l e d c o r r u g a t i o n s or r i l l s . 
S o i l and Topography 
T h i s i r r i g a t i o n method i s most s u i t a b l e on medium 
and heavy s o i l s l i k e loam, c l a y and even on some noncohesive 
s o i l s . The t i m e o f c o n t a c t between t h e s o i l and t h e 
i r r i g a t i o n w a t e r i s r e l a t i v e l y l o n g . S o i l s w i t h i n f i l t r a t i o n 
1 7 
r a t e s o f o n l y 2.5 mm/h may be used. 
To a v o i d d r y spaces between t h e c o r r u g a t i o n s , a 
l a t e r a l w a t e r movement i s r e q u i r e d . T h e r e f o r e , t h i s method 
may n o t be recommended f o r l i g h t sandy s o i l s w i t h h i g h 
i n f i l t r a t i o n r a t e s where an e x c e s s i v e amount o f water w i l l 
be l o s t by deep p e r c o l a t i o n b e f o r e t h e e n t i r e r i l l i s 
w e t t e d . 
The c a p i l l a r y movement o f t h e w a t e r and subsequent 
e v a p o r a t i o n w i l l c o n c e n t r a t e t h e s o l u b l e s a l t s on t h e 
s u r f a c e o f t h e s o i l . Where t h e s o i l o r t h e i r r i g a t i o n w a t e r 
-20-
c o n t a i n s a h i g h amount o f s a l t s , t h e c o r r u g a t i o n method 
s h o u l d n o t be used. 
The o p t i m a l s l o p e o f t h e c o r r u g a t i o n s i s ca. 1 % . 
However, s l o p e s o f 0.5% t o 12.0% are p o s s i b l e . Cross 
1 7 
s l o p e s o f more t h a n 3% s h o u l d be a v o i d e d . An u n i f o r m 
s l o p e i n t h e d i r e c t i o n o f t h e c o r r u g a t i o n i s n e c e s s a r y t o 
p r o v i d e s u r f a c e d r a i n a g e and t o p r e v e n t p o n d i n g o f t h e 
a r e a s . 
D e s i g n C r i t e r i a 
The c o r r u g a t i o n s a r e about 0.10 m deep, spaced 
0.40 m t o 0.75 m a p a r t and a r e u s u a l l y formed by a s p e c i a l 
c o r r u g a t o r equipment o r by a r i d g e p l o u g h a f t e r s e e d i n g . 
Table 1.3 shows t h e recommended l e n g t h o f c o r r u g a -
t i o n runs and t h e i r s p a c i n g . 
Supply and D i s t r i b u t i o n o f Water 
For r e l e a s i n g t h e w a t e r f r o m t h e head d i t c h o r an 
a u x i l i a r y p o nding d i t c h i n t o t h e c o r r u g a t i o n s , t h e use 
o f syphons, s p i l e s o r d i t c h breaks i s u s u a l . 
The w a t e r f l o w i n t o t h e c o r r u g a t i o n s s h o u l d be i n 
t h e range o f 0.06 1/s t o 0.6 1/s. A h i g h i n t a k e f l o w o f 
0.2 1/s f o l l o w e d by a reduced c u t - b a c k - f l o w o f 0.05 1 / s 1 ' 8 
i s r e q u i r e d . 
Crops 
T h i s method i s used m o s t l y t o i r r i g a t e c l o s e l y 
g r o w i n g crops such as c e r e a l s , f o r a g e c r o p s and p a s t u r e . 
- 2 1 -
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1 . 2 PRESSURE SYSTEMS 
Pressure i r r i g a t i o n systems conduct t h e i r r i g a t i o n 
w a t e r over the f i e l d by p l a s t i c or m e t a l - p i p e s . The w a t e r 
i s conducted under p r e s s u r e and d i s t r i b u t e d by v a r i o u s 
d e v i c e s , e.g. s p r i n k l e r s , d r i p e m i t t e r s and porous p i p e 
w a l l s . T h i s p r e s s u r e i s produced by pumps or h y d r o s t a t i c 
p r e s s u r e f r o m an overhead r e s e r v o i r . 
The w a t e r d i s t r i b u t e d over t h e i r r i g a t e d p l o t can 
be q u a n t i f i e d as r e q u i r e d . T h e r e f o r e , c o n t i n u o u s c l o s l y 
c o n t r o l l e d w a t e r i n g can be a c h i e v e d . 
A t f a r m l e v e l , w a t e r i n g a t s h o r t i n t e r v a l s o f l e s s 
t h a n 2 o r 3 days can o n l y be p r a c t i c e d by th e use o f f i x e d 
i n s t a l l e d i r r i g a t i o n equipment. Because o f movement, semi 
f i x e d o r m o b i l e i r r i g a t i o n equipment r e q u i r e s a c e r t a i n 
e x t r a i n p u t o f l a b o u r w i t h a c o r r e s p o n d i n g demand o f t i m e . 
T h e r e f o r e , u n l e s s t h e r e i s a c o n s i d e r a b l e e x t r a l a b o u r i n -
put i n t h e use o f non f i x e d i r r i g a t i o n equipment t h e r e -
l a t i o n between t h e i r r i g a t i o n i n t e r v a l s and t h e amount o f 
w a t e r a p p l i e d per i r r i g a t i o n c y c l e i s q u i t e s i m i l a r t o 
t h a t f o u n d i n s u r f a c e f l o o d i n g . 
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1.2 . 1 SPRINKLER IRRIGATION 
The i r r i g a t i o n w a t e r i s sprayed i n t o t h e a i r t h r o u g h 
s p r i n k l e r s and reaches t h e s o i l s u r f a c e as drops f r o m 
d i f f e r e n t h e i g h t s . P e r f o r a t e d p i p e s or n o z z l e l i n e s may be 
used i n s t e a d o f s p r i n k l e r heads. 
S o i l and Topography 
I n s p r i n k l e r i r r i g a t i o n t h e f i e l d does n o t r e p r e s e n t 
an a c t i v e b u t a p a s s i v e p a r t o f t h e system. S p r i n k l e r 
i r r i g a t i o n t h e r e f o r e may be used on a l l t y p e s o f s o i l s . 
Land g r a d i n g , even on s t e e p l y s l o p e d l a n d , can be a v o i d e d , 
u n l e s s s e l f p r o p e l l e d s p r i n k l e r systems a r e used and where 
the s p r i n k l e r equipment has t o t r a v e l over t h e f i e l d . 
D e s i g n C r i t e r i a 
There a r e many d i f f e r e n t t y p e s and d e s i g n s o f 
s p r i n k l e r s and systems a v a i l a b l e . The main d i f f e r e n c e s 
between t h e s p r i n k l e r s c o n s i s t o f t h e r e q u i r e d o p e r a t i n g 
p r e s s u r e , t h e s i z e o f t h e j e t s and t h e i r r a d i u s o f a c t i o n . 
The d i f f e r e n t s p r i n k l e r systems i n c l u d e v a r i o u s k i n d s o f 
permanently f i x e d , semi f i x e d systems t o m o b i l e s e l f p r o p e l l e d 
r a i n g u n s . 
Permanently f i x e d s p r i n k l e r systems a r e m a i n l y used 
f o r f r o s t p r o t e c t i o n i n o r c h a r d s and v i n e y a r d s , a l s o i n 
p l a n t a t i o n s where i r r i g a t i o n i s r e q u i r e d a t s h o r t i n t e r v a l s 
a t low i n t e n s i t i e s e.g. i n greenhouses and on heavy s o i l s 
w i t h low i n f i l t r a t i o n r a t e s . M o b i l e systems a r e u s u a l l y 
used f o r s u pplementary i r r i g a t i o n and f o r a n n u a l c r o p s 
or where t h e i n t e n s i t y o f a p p l i c a t i o n can be r e l a t i v e l y 
h i g h . 
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On uncovered or heavy s o i l s , s p r i n k l e r s w i t h s m a l l 
j e t s and a low water o u t l e t r a t i o a r e common. 
I f w a t e r w i t h a h i g h s a l t c o n t e n t i s used, t h e l e a v e s 
of t h e p l a n t s may be burned by p r e c i p i t a t i o n o f s a l t s 
t h r o u g h e v a p o r a t i o n . A l s o , c o l d shocks can be caused i f t h e 
te m p e r a t u r e o f t h e wa t e r i s n o t a b l y l o w e r t h a n t h e ambient 
a i r t e m p e r a t u r e . Wind speeds o f Z>10 km/h reduces t h e 
u n i f o r m i t y o f water a p p l i c a t i o n . 
Water Supply 
The s p r i n k l e r s r e c e i v e t h e i r w a t e r t h r o u g h a c l o s e d 
p i p e system w i t h an o v e r - p r e s s u r e o f 1.0 atm t o 10.0 atm,^*^ 
which i s produced by pump u n i t s o r by an e l e v a t e d r e s e r v o i r . 
As s t a t e d e a r l i e r i n Chapter 1 . 2 , s h o r t i n t e r v a l s 
between t he i r r i g a t i o n c y c l e s under f i e l d c o n d i t i o n s a r e 
o n l y p o s s i b l e by t h e use o f f i x e d i n s t a l l e d s p r i n k l e r 
equipment. By semi f i x e d or m o b i l e s p r i n k l e r systems, h i g h 
f r e q u e n c y i r r i g a t i o n ( c o n t i n u o u s w a t e r i n g ) cannot be 
r e a l i z e d because o f t h e demand on l a b o u r and t i m e f o r 
equipment moving. 
Crops 
S p r i n k l e r i r r i g a t i o n can be used f o r n e a r l y a l l 
k i n d s o f c r o p s . Care must be t a k e n on p l a n t s w h i c h a r e 
s e n s i t i v e t o o v e r a l l w e t t i n g , e.g. c o t t o n . 
I n greenhouses i n p a r t i c u l a r t h e a i r - m o i s t u r e 
c o n t e n t w i l l r i s e by u s i n g s p r i n k l e r s . Because o f t h e 
e f f e c t o f a h i g h a i r - m o i s t u r e c o n t e n t as w e l l as t h e 
w e t t i n g o f t h e e n t i r e p l a n t s , p l a n t d i s e a s e s such as 
fungus may r e s u l t . 
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1 . 2 . 2 DRIP IRRIGATION 
D r i p i r r i g a t i o n , a l s o c a l l e d ' T r i c k l e I r r i g a t i o n ' 
c o n s i s t s o f a f l e x i b l e p i p e system w i t h s m a l l s i z e d o u t l e t s 
( e m i t t e r s ) which d i r e c t the water f l o w t o t h e p l a n t s . Porous 
or p e r f o r a t e d p i p e s , where t h e water moves d i r e c t l y t h r o u g h 
t h e pipe w a l l , a r e a l s o used. 
S o i l and Topography 
D r i p i r r i g a t i o n can be used on a l l s o i l t y p e s (except 
coarse sandy s o i l s ) a n d under v a r y i n g t o p o g r a p h i c a l c o n d i t i o n s . 
The e f f e c t o f d i f f e r e n t l e v e l s or s l o p e s can be e q u a l i z e d 
by r e g u l a t i n g t h e p r e s s u r e i n t h e e m i t t e r l i n e s or by t h e 
e m i t t e r i t s e l f . 
To a v o i d t h e b u i l d i n g up o f puddles o r c r a c k s , t h e 
amount of w a t e r per t i m e u n i t d e l i v e r e d by t h e e m i t t e r s , 
s h o u l d be adapted t o t h e i n f i l t r a t i o n r a t e o f t h e s o i l . A 
h o r i z o n t a l w a t e r movement i n t h e s o i l i s r e q u i r e d . On 
sandy s o i l s t h e e m i t t e r s a r e t h e r e f o r e o f t e n s u b s t i t u t e d 
by m i c r o s p r i n k l e r s or s p r a y e r s . 
D e s ign C r i t e r i a 
To ensure e f f i c a c y , d r i p i r r i g a t i o n systems r e q u i r e 
a v e r y h i g h s t a n d a r d o f g e n e r a l and t e c h n i c a l c a p a c i t y , 
and t h e d e s i g n c r i t e r i a r e q u i r e s a somewhat more d e t a i l e d 
e x a m i n a t i o n a t t h i s stage.The space between t h e e m i t t e r 
l i n e s has t o be adapted t o t h e p l a n t d i s t a n c e s o f t h e c r o p . 
The r e q u i r e d amount o f equipment ( p i p e s and e m i t t e r s ) per 
ha as w e l l as t h e w a t e r c o n s u m p t i o n per t i m e u n i t i s 
r e l a t i v e l y s m a l l i n o r c h a r d s and i s h i g h w i t h some f i e l d 
c r o p s , e.g. v e g e t a b l e p r o d u c t i o n . 
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P r e c a u t i o n s have t o be t a k e n i f t h e w a t e r c o n t a i n s 
c h e m i c a l i m p u r i t i e s l i k e c a r b o n a t e s o r o t h e r compounds o f 
i r o n , manganese, c a l c i u m o r magnesium. 
I f t h e r e i s more t h a n 0.1 mg/1 i r o n , n o r m a l l y i n 
the f o r m o f i r o n b i c a r b o n a t e PeCO^, or i r o n s u l p h a t e 
FepiSO ^ )j i n t h e w a t e r , i n c o n t a c t w i t h oxygen, t h e r e i s a 
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t r a n s f o r m a t i o n t o w a t e r i n s o l u b l e f e r r i - l l l - c o m p o u n d s . * 
A marked t e m p e r a t u r e r i s e i n t h e p i p e s , f o l l o w e d by 
an escape o f GOg? a l l o w s t h e c a l c i u m o r magnesium c a r b o n -
a t e s t o p r e c i p i t a t e on t h e w a t e r . 
Thus compounds formed by a c h e m i c a l process i n t h e 
e m i t t e r l i n e s may e n c r u s t t h e w a t e r o u t l e t c h a n n e l s o f t h e 
e m i t t e r s and cause t o t a l b l o c k a g e . 
The d e s i g n o f a d r i p i r r i g a t i o n system t h e r e f o r e 
has t o i n c l u d e an e n t i r e c h e m i c a l w a t e r a n a l y s i s . 
Chemical r e a c t i o n s w i t h a compound f o r m a t i o n may a l s o 
be caused by a r e a c t i o n between i n j e c t e d f e r t i l i z e r and t h e 
c h e m i c a l w a t e r i m p u r i t i e s , as f o r example, C a ^ g P O ^ g 
(s u p e r p h o s p h a t e ) and CaCO^ w i l l r e s u l t as CagtHPO^g 
( b i c a l c i u m p h o s p h a t e ) . S u l p h u r i c a c i d i n t h e s u p e r -
phosphate ( HgSO^) i n c o n t a c t w i t h CaCO^ w i l l compound as 
gypsum (CaSO^) • 
To p r e v e n t e m i t t e r b l o c k a g e by s o l i d i m p u r i t i e s i n 
the w a t e r , f i l t r a t i o n i s o b v i o u s l y r e q u i r e d b e f o r e t h e 
water e n t e r s t h e pi p e system. F i l t e r s e l e c t i o n i s dependant 
on t h e t y p e s o f i m p u r i t i e s (suspended o r sediment substances 
or a l g e a e ) . 
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The i n f i l t r a t i o n i n t o t h e s o i l i s i n i t i a t e d by a 
s m a l l pond around the e m i t t e r . To a v o i d a puddle f o r m a t i o n , 
t h e w a t e r d i s c h a r g e o f t h e e m i t t e r , 1 l / h t o 10 1/h, and 
t h e i n f i l t r a t i o n r a t e o f the s o i l have t o "be b a l a n c e d . 
By t h e use o f d r i p i r r i g a t i o n , t h e s u r r o u n d i n g s o i l 
s u r f a c e remains d r y and s u r f a c e e v a p o r a t i o n i s e x c l u d e d . 
The w a t e r i s d i r e c t e d t o where most o f t h e r o o t s a r e l o c a t e d . 
C onsequently t h e r e s u l t i n g i r r i g a t i o n e f f i c i e n c y i s v e r y 
f a v o u r a b l e . Up t o 95 $ o f t h e w a t e r d e l i v e r e d i s used by 
t h e c r o p . The s m a l l w e t t e d areas produced by t h e e m i t t e r s 
a l s o d e f i n e t h e l i m i t s o f t o t a l amount o f w a t e r a v a i l a b l e 
t o t h e p l a n t s . Proper m o n i t o r i n g o f t h e i r r i g a t i o n w a t e r i s 
n e cessary t o p r e v e n t to© d r y or e x c e s s i v e l y wet c o n d i t i o n s 
i n t h e r o e t zone. 
I f i r r i g a t i o n w a t e r c o n t a i n s a h i g h s a l t c o n t e n t , 
a s t r i c t c o n t r o l o f the s o i l m o i s t u r e i n t h e w e t t e d r o o t 
zone i s r e q u i r e d . A decrease o f t h i s m o i s t u r e , f o r example 
t h r o u g h e v a p o - t r a n s p i r a t i o n , w i l l a l l o w t h e s a l t s i n the 
s o i l w a t e r t o i n c r e a s e i n c o n c e n t r a t i o n and may prove t o x i c 
t o t h e p l a n t s . Thus i f t h e s o i l m o i s t u r e can be c a r e f u l l y 
c o n t r o l l e d , w a ter w i t h a h i g h e r s a l t c o n t e n t t h a n used w i t h 
o t h e r i r r i g a t i o n methods can be a p p l i e d . A p r e c i s e m o i s t u r e 
c o n t r o l can o n l y be a c h i v e d by i n s t r u m e n t s , because o f the 
l i m i t e d number of w e t t e d zones. These must be r e g a r d e d as 
one o f t h e most i m p o r t a n t p a r t s o f a d r i p i r r i g a t i o n system. 
Pipes l a i d on the s o i l s u r f a c e may o b s t r u c t mechanised 
c u l t i v a t i o n o p e r a t i o n s . 
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Supply and D i s t r i b u t i o n o f Water 
The w a t e r i s conducted t o the f i e l d by the main 
p i p e s on w h i c h the f l e x i b l e b l a c k u l t r a v i o l e t r e s i s t a n t 
e m i t t e r p i p e s are f i t t e d . The i r r i g a t i o n w a t e r u s u a l l y 
has t o be f i l t e r e d and i f necessary t r e a t e d by c h e m i c a l 
a d d i t i v e s t o a v o i d b l o c k age i n the e m i t t e r s by m e c h a n i c a l 
o r c h e m i c a l compounds. 
The w a t e r i s d i s t r i b u t e d t o t h e p l a n t s t h r o u g h a 
n e t w o r k o f f l e x i b l e p i p e s by an o v e r p r e s s u r e o f u s u a l l y 
1 atm. These p i p e s a r e equipped w i t h s m a l l o u t l e t s o f 
v a r i o u s d e s i g n s , . h a v i n g o u t l e t d i a m e t e r s of 0.5 mm t o 
1.5 mm t h r o u g h w h i c h t h e w a t e r escapes a t a f l o w r a t e o f 
about 1.0 1/h t o 10.0 1/h. There ar e a l s o p i p e s w i t h porous 
w a l l s i n s t e a d o f e m i t t e r s i n use. 
The p i p e s a r e n o r m a l l y l a i d o u t on the s o i l s u r -
f a c e b u t h a n g i n g or b u r y i n g o f the p i p e s i s a l s o p r a c t i c e d . 
As d r i p i r r i g a t i o n u s u a l l y w i l l be a f i x e d i n s t a l l a t i o n , 
w a t e r i n g a t h i g h f r e q u e n c y c y c l e s can be r e a l i z e d w i t h o u t 
added demand on l a b o u r and t i m e f o r equipment moving. Hence, 
no i r r i g a t i o n f o l l o w - u p o p e r a t i o n s l i k e c r u s t b r e a k i n g are 
r e q u i r e d f o r w a t e r i n g . T h e r e f o r e , i r r i g a t i o n c y c l e s o f a 
few hours i n t e r v a l can be e a s i l y a c h i e v e d w i t h o u t p o s t w a t e r i n g 
demand on c u l t i v a t i o n work. 
I f t h e e m i t t e r s a r e l o c a t e d below the e a r t h S s u r f a c e , 
the system can a l s o be c l a s s i f i e d as a s u b s u r f a c e i r r i g a t i o n 
method. (See Chapter 1,3) 
Crops 
A l l k i n d s o f t r e e s , o r c h a r d s and row crops a r e 
s u i t a b l e f o r d r i p i r r i g a t i o n . As d r i p i r r i g a t i o n w i l l 
keep the e a r t h s s u r f a c e n e a r l y d r y , h i g h a i r h u m i d i t y 
can be p r e v e n t e d and fungus s e n s i t i v e crops can be grown. 
T h e r e f o r e , t h i s system can be v e r y s u i t a b l e f o r a p p l i c a -
t i o n i n greenhouses as w e l l as under open a i r c o n d i t i o n s . 
Because o f t h e h i g h number o f pipes and e m i t t e r s , ' r e -
q u i r e d by meadows, c e r e a l s o r f o r a g e crops l i k e a l f a l f a , 
d r i p i r r i g a t i o n i s i m p r a c t i c a l t o use. 
1.3 SUBSURFACE IRRIGATION 
T h i s method o f i r r i g a t i o n d i s t r i b u t e s t h e w a t e r 
i n t h e r o o t zone w i t h o u t i n f i l t r a t i o n f r o m t h e s u r f a c e . 
S o i l and Topography 
The h y g r o s c o p i c i t y o f t h e s o i l i s t h e most l i m i -
t i n g f a c t o r f o r t h i s i r r i g a t i o n method. S o i l s w i t h low 
h y g r o s c o p i c c h a r a c t e r i s t i c s such as sandy s o i l s , and 
s o i l s w h i c h a r e h i g h l y h y g r o s c o p i c b u t show a c a p i l l a r y 
movement w h i c h i s v e r y s l o w , such as c l a y s , a r e n o t s u i t -
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a b l e f o r s u b s u r f a c e i r r i g a t i o n . * The most s u i t a b l e s o i l s 
a r e sandy loams, loams and pea t y s o i l s . 
The i r r i g a t e d f i e l d must be l e v e l . The d e p t h o f 
th e groundwater t a b l e s h o u l d n o t be l o w e r t h a n 1.20 m. 
O p t i m a l c o n d i t i o n s a r e g i v e n on s o i l s where an imperme-
a b l e l a y e r i s s i t u a t e d a t a d e p t h o f 0.6 m t o 2.0 m. 
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D e s i g n C r i t e r i a 
Permanent movement o f w a t e r f r o m t he w a t e r t a b l e 
t o t h e s o i l s u r f a c e by c a p i l l a r y r i s e can cause a s a l t 
a c c u m u l a t i o n i n the upper s o i l l a y e r s . Since l e a c h i n g i n 
most cases w i l l not be p o s s i b l e , s u b s u r f a c e i r r i g a t i o n 
c annot be used where t h e i r r i g a t i o n w a t e r or t h e s o i l 
c o n t a i n s even a low amount o f s a l t m i n e r a l s . 
Supply and D i s t r i b u t i o n o f Water 
The i r r i g a t i o n w a t e r can be s u p p l i e d f r o m 
- c o n t r o l l e d ground-water t a b l e 
- p o n d i n g up f u r r o w s 
- b u r i e d tubes or e m i t t e r s 
Except where a n a t u r a l o r c o n t r o l l e d g round-water 
t a b l e i s p r e s e n t , t h e i r r i g a t i o n w a t e r has t o be d i s t r i b u t e d 
f r o m f u r r o w s or tubes i n a h o r i z o n t a l d i r e c t i o n t o cover 
the complete s u b s u r f a c e o f t h e s o i l . Prom t h i s p o s i t i o n 
th e w a t e r has t o r i s e by c a p i l l a r y f o r c e s t o r e a c h t h e 
r o o t zone o f t h e p l a n t s . 
A complete w e t t i n g p a t t e r n i n t h e upper s o i l l a y e r 
i s u s u a l l y n o t p o s s i b l e and t h e r e f o r e w a t er i s n o t 
g e n e r a l l y a v a i l a b l e i n a s h a l l o w seed g e r m i n a t i o n zone. 
A l t h o u g h s u b s u r f a c e i r r i g a t i o n can be d e t e r m i n e d as an 
i r r i g a t i o n method where a permanent w a t e r i n g , t h r o u g h 
w a t e r movement f r o m t h e water t a b l e t o t h e s o i l s u r f a c e , 
i s r e a l i z e d , an a b s o l u t e c o n t r o l over t h e i r r i g a t i o n 
w a t e r cannot be a c h i e v e d . The amount o f w a t e r , conducted 
i n t o t h e w a t e r t a b l e t o r e p l e n i s h t h e d e p l e t e d w a t e r 
source below t h e s o i l s u r f a c e , has t o r e a c h t h e r o o t 
zone by c a p i l l a r i t y . As h o r i z o n t a l movement r e q u i r e s a 
- 3 1 -
c e r t a i n t i m e , immediate w e t t i n g o f t h e r o o t zone as w e l l 
as any i n f l u e n c e upon t h e c a p i l l a r i t y w a t e r r i s e i s n o t 
p o s s i b l e . 
Crops 
T h i s method can be used f o r i r r i g a t i n g o r c h a r d s , 
v i n e y a r d s o r crops w h i c h a r e p l a n t e d i n f u r r o w s as w e l l 
as i n greenhouses. 
I t may n o t be used f o r s h a l l o w r o o t e d crops or 
f o r c u l t i v a t i o n s where t h e seed has t o g e r m i n a t e i n t h e 
upper s o i l l a y e r , f o r example c e r e a l s . 
Remarks 
The s u c c e s s f u l use o f s u b s u r f a c e i r r i g a t i o n depends 
on t o p o g r a p h i c , s o i l and w a t e r c o n d i t i o n s as w e l l as on 
s p e c i f i c p l a n t - w a t e r r e q u i r e m e n t i n t h e upper s o i l l a y e r . 
F u r t h e r m o r e , i f ponding up f u r r o w s a r e used, t h i s 
i r r i g a t i o n method r e p r e s e n t s a m o d i f i e d s u r f a c e i r r i g a t i o n 
system; i f b u r i e d p i p e s or e m i t t e r s a r e used, a m o d i f i e d 
p r e s s u r e system. The p o s s i b i l i t y o f c o n t r o l l i n g t h e 
ground-water t a b l e i s v e r y s l i g h t because o f the s p e c i f i c 
c o n d i t i o n s o f g r o u n d - w a t e r , t o p o g r a p h y and s o i l r e q u i r e d . 
By u s i n g a b u r i e d d r i p i r r i g a t i o n system, i t i s d i f f i c u l t 
t o p r e v e n t p l a n t r o o t s f r o m b l o c k i n g t h e w a t e r o u t l e t 
d e v i c e s . T h e r e f o r e , s u b s u r f a c e i r r i g a t i o n i s now seldom 
u t i l i z e d . 
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1.4 DRAINAGE 
T h i s i s t h e removal o f excess s u r f a c e or g r o u n d -
w a t e r f r o m any a r e a . 
Purpose o f Drainage i n I r r i g a t e d Areas 
I n i r r i g a t i o n t h e main a t t e n t i o n i s d i r e c t e d t o t h e 
w a t e r s u p p l y . Drainage i s t h e r e f o r e o f t e n l o o k e d upon as a 
secondary problem or even unnecessary. 
I n a r i d zones where low r a i n f a l l o r a low ground-water 
t a b l e produce no r e q u i r e m e n t f o r d r a i n a g e t h e main purpose 
o f removing w a t e r f r o m t h e a r e a c o n s i s t s o f c o n t r o l l i n g t h e 
s a l t balance o f t h e s o i l . 
S a l t e n r i c h m e n t s on i r r i g a t e d a reas may be caused 
by m i n e r a l w e a t h e r i n g o f r o c k s ( p r i m a r y s a l i n a t i o n ) . 
E x c e s s i v e s a l i n a t i o n can a l s o be produced where s a l i n e 
ground-water reaches t h e s u r f a c e t h r o u g h c a p i l l a r y r i s e . 
The massive changes i n t h e h y d r o l o g i c a l s i t u a t i o n and i n 
th e s a l t b a l ance o f t h e s o i l caused by i r r i g a t i o n w a t e r 
have o f t e n been u n d e r e s t i m a t e d . 
U s u a l l y , a l l i r r i g a t i o n w a t e r c o n t a i n s a c e r t a i n 
amount o f s a l t s . Given a s a l t c o n t e n t o f 1 g / l , t h e t o t a l 
amount of s a l t d i s t r i b u t e d on 1 ha would be i n t h e range 
o f 6,000 kg s a l t per ha a n n u a l l y by t h e a p p l i c a t i o n o f 
6,000 m o f wa t e r per ha (s e c o n d a r y s a l i n a t i o n ) . 
The c o n t r o l o f t h e s a l t b a l a n c e i n t h e s o i l r e q u i r e s 
f r e q u e n t l e a c h i n g o f t h e accumulated s a l t s . T h i s can be 
r e a l i s e d i f excess w a t e r ( i r r i g a t i o n o r p r e c i p i t a t i o n ) 
p e r c o l a t e s t h r o u g h t h e r o o t zone and washes down t h e s a l t s , 
c a r r y i n g them h o r i z o n t a l l y o r v e r t i c a l l y , o u t o f t h e r o o t 
zone. 
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H o r i z o n t a l movement of water f o r l e a c h i n g may be 
p o s s i b l e through n a t u r a l c o n d i t i o n s i f h o r i z o n t a l 
ground-water movement on a lower impermeable i n t e r f a c e 
i s present. Without t h i s , evacuation of the s a l t water 
has to be rendered by drainage o p e r a t i o n s . 
Deep v e r t i c a l p e r c o l a t i o n can be enforced by 
loos e n i n g or breaking impermeable l a y e r s i f they are 
s i t e d over a permeable s u b m a t e r i a l . 
Other f u n c t i o n s of a drainage system c o n s i s t of 
- c o n t r o l l i n g the s u r f a c e r u n - o f f , caused by e x c e s s i v e 
r a i n f a l l or e x c e s s i v e i r r i g a t i o n water 
- c o n t r o l l i n g the s u b s o i l r u n - o f f from the ground-water 
t a b l e , i n c l u d i n g l e a c h i n g and seepage from i r r i g a t i o n 
d i t c h e s . 
I t can be s t a t e d that drainage on i r r i g a t e d a r e a s 
i s alway n e c e s s a r y . The f u n c t i o n of n a t u r a l drainage 
depends on the s o i l , ground-water and topographic c o n d i t i o n s . 
On heavy, f i n e t extured s o i l s , high ground-water t a b l e , 
impermeable s o i l l a y e r s , drainage has to be i n s t a l l e d 
a r t i f i c i a l l y , e.g. s u r f a c e drainage (open d i t c h e s ) 
subsurface drainage ( b r i c k or perforated p l a s i c pipes, 
mole d r a i n s ) . 
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1.5 FIELD IRRIGATION METHODS IN RELATION TO THE 
DIFFERENT PATTERNS OF INPUT 
On the b a s i s of t h i s f i r s t i d e n t i f i c a t i o n of the 
c r i t i c a l and s i g n i f i c a n t c h a r a c t e r i s t i c s of the v a r i o u s 
f i e l d i r r i g a t i o n methods, we can now i n d i c a t e comparatively 
t h e i r r e l a t i o n s h i p to i r r i g a t i o n inputs as a whole. I n 
i r r i g a t e d crop production, the f a c t o r , water, has to be 
t r e a t e d as a production input l i k e any other, f o r example 
f e r t i l i z e r , seed, machine work, labour. 
To d i s t i n g u i s h the s p e c i f i c inputs f o r i r r i g a t i o n , 
one can s e l e c t the f o l l o w i n g components: 
- water l i f t i n g ( w e l l and pump s t a t i o n ) 
- water storage ( r e s e r v o i r ) 
- water conduit to the f i e l d 
- c o n s t r u c t i o n work on land p r e p a r a t i o n 
- i r r i g a t i o n d e v i c e s such as s p r i n k l e r or d r i p i r r i g a t i o n 
systems 
- running expenses 
- d e p r e c i a t i o n / a m o r t i s a t i o n 
- labour input 
The c o s t s of these i n p u t s can be d i v i d e d i n t o 
- f i x e d c ost of c o n s t r u c t i o n and d e p r e c i a t i o n 
- v a r i a b l e c o s t , such as operating expenses, c o s t of 
water, labour and machinery inp u t . 
Cost of c o n s t r u c t i o n ( f i x e d c o s t s ) o f t e n r e p r e s e n t s 
a b o t t l e - n e c k because the investment has to be made a t one 
time even though t h e o r e t i c a l l y these c o s t s may be accounted 
f o r over a period of y e a r s . 
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The operating expenses, i . e . the v a r i a b l e c o s t s of 
water and input of labour and machinery, depend on the 
crop and production i n t e n s i t y , environmental c o n d i t i o n s , 
water a v a i l a b i l i t y , the p a r t i c u l a r i r r i g a t i o n system used, 
labour and management. 
F i n a l l y , i t should be noted t h a t the d i f f e r e n t 
i r r i g a t i o n methods can a l s o be c l a s s i f i e d i n t o 
- those i n which a permanent watering a s s o c i a t e d w i t h an 
absolute c o n t r o l over the i r r i g a t i o n water can be 
achieved ( as by p r e s s u r e i r r i g a t i o n ) ; and 
- those where a c e r t a i n amount of water per i r r i g a t i o n 
c y c l e has to be d i s t r i b u t e d as a consequence of s p e c i f i c 
flow c o n d i t i o n s ( as g i v e n by s u r f a c e f l o o d i n g ) . 
Subsurface i r r i g a t i o n i n t h i s sentence takes an 
intermediate p o s i t i o n , depending on the l a y o u t which may 
c o n s i s t of buried p r e s s u r e i r r i g a t i o n systems, a modified 
g r a v i t y system of s u r f a c e i r r i g a t i o n , or c o n t r o l l e d ground-
water t a b l e . 
As we s h a l l see l a t e r i n Chapter 3 and 4, the 
p r e c i s i o n w i t h which the i r r i g a t i o n water can be a p p l i e d 
has to be considered as an important f a c t o r i n the design 
and maintenance of d i f f e r e n t i r r i g a t i o n systems. Other 
f a c t o r s of s i g n i f i c a n c e a r e , the extent to which the s o i l 
s u r f a c e as w e l l as the p l a n t s w i l l be wetted by each 
watering p r o c e s s . 
F i g u r e 1.2 s c h e m a t i c a l l y summarises the f i x e d and 
v a r i a b l e c o s t f a c t o r s as w e l l as t h e i r i n t e r r e l a t i o n s h i p 
on d i f f e r e n t i r r i g a t i o n systems. 
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F i g u r e 1 . 2 : General overview of the inputs of and to 
the d i f f e r e n t i r r i g a t i o n systems. 
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C H A P T E R T W O 
2. EFFECTIVITY OF FIELD IRRIGATION SYSTEMS 
G e n e r a l l y speaking, one f i e l d i r r i g a t i o n system 
cannot be considered more e f f e c t i v e than another. The 
degree to which any i r r i g a t i o n system can be regarded as 
ap p r o p r i a t e and e f f e c t i v e depends on i t s t e c h n i c a l adaption 
to s p e c i f i c environmental c o n d i t i o n s such as c l i m a t e , s o i l , 
topography, water q u a n t i t y and q u a l i t y , requirements of the 
crops as w e l l as the economic (management) and labour 
c o n d i t i o n s . An appropriate i r r i g a t i o n system can be determined 
as adapted to the environmental c o n d i t i o n s which s a t i s f y 
t h e i r i n d i v i d u a l user i n the a s p e c t s of production c a p a c i t y , 
labour demand and economy. Therefore, working out a 
standard s o l u t i o n i s not p o s s i b l e . 
The s e l e c t i o n of the most e f f e c t i v e i r r i g a t i o n 
system or method and i t s best usage has to be based on the 
f o l l o w i n g l o c a l c o n d i t i o n s : 
- Production c a p a c i t y , e.g.: 
. how great i s the production c a p a c i t y when u s i n g a 
s p e c i f i c amount of water? 
. a r e there any r e s t r i c t i o n s because of water q u a l i t y , 
c l i m a t e , energy or topographic c o n d i t i o n s ? 
- Management and labour s i t u a t i o n 
. i s there t r a i n e d and experienced management ( r e g i o n a l 
and a t farm l e v e l ) a v a i l a b l e , c o n t r o l l i n g and d i r e c t i n g 
the impact of water management on the progress of 
i r r i g a t e d a g r i c u l t u r e ? 
. i s there s u f f i c i e n t labour c a p a c i t y a v a i l a b l e ? 
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. q u a l i t a t i v e l y , are there any t r a i n e d or w i l l i n g 
labour sources a v a i l a b l e ? 
. does a d d i t i o n a l i r r i g a t i o n work become an 
insurmountable labour peak? 
- Economic s i t u a t i o n 
. i s there money a v a i l a b l e to i n v e s t i n i r r i g a t i o n ? 
. i s there a l o c a l or r e g i o n a l market f o r the products, 
produced by i r r i g a t e d a g r i c u l t u r e ? 
. are there any r e s t r i c t i o n s i n o b t a i n i n g spare p a r t s ? 
. i s a c a p i t a l feed-back assured? 
Very o f t e n the economic s i t u a t i o n of the farmers 
r e p r e s e n t s a r e s t r i c t i v e f a c t o r i n s e l e c t i n g an e f f e c t i v e 
and a p p r o p r i a t e i r r i g a t i o n system. To avoid f i n a n c i a l l o s s 
of i n i t i a l c a p i t a l o u t l a y i n s t a l l i n g any i r r i g a t i o n method 
or a l t e r i n g an a l r e a d y e x i s t i n g system, the s i z e of b a s i c 
u n i t s (pumps, water storage b a s i n s , c a n a l s , main p r e s s u r e 
pipes e t c ) must be considered i n terms of the e n t i r e a r e a 
to be i r r i g a t e d . Only the o p e r a t i o n s f o r water d i s t r i b u t i o n 
of the i r r i g a t e d land such as l e v e l l i n g or the i n s t a l l a t i o n 
of l a t e r a l p r e s s u r e pipes equipped w i t h s p r i n k l e r s or d r i p 
e m i t t e r s can be f i n a n c e d g r a d u a l l y . Because of the 
r e l a t i v e l y h igh i n i t i a l investment c o s t s , f a l s e economies, 
such as the c o n s t r u c t i o n of c a n a l s and storage b a s i n s 
without p r o t e c t i o n d e v i c e s a g a i n s t seepage l o s s e s , and 
unequal land l e v e l l i n g are i n i t i a t e d . These and peasant 
m e n t a l i t y can prevent not only high i r r i g a t i o n e f f i c i e n c y 
but a l s o the i n t r o d u c t i o n of the most a p p r o p r i a t e 
i r r i g a t i o n system and method. 
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Hence, i n old, t r a d i t i o n a l i r r i g a t e d r e g i o n s , the 
new e s t a b l i s h e d i r r i g a t i o n u n i t s are o f t e n o r i e n t a t e d i n 
t h e i r layout and management to t r a d i t i o n a l used orthodox 
p r a c t i c e s of i r r i g a t i o n . I t can be f r e q u e n t l y observed 
that i n such cases the best of the poorest i r r i g a t i o n 
methods w i l l s u f f i c e . At A l Hassa you have the super 
i m p o s i t i o n of an i n t e g r a t e d design of i r r i g a t i o n and 
drainage on top of p r e - e x i s t i n g farm and f i e l d l a yout which 
r e s u l t s i n low i r r i g a t i o n e f f e c t i v i t y . S i n c e the old p l o t s 
are only s u i t a b l e f o r b a s i n i r r i g a t i o n , t h i s method 
r e s u l t s i n a r e s t r i c t i o n of v i a b l e i r r i g a t i o n . ( s e e Ref. 2.1 
and 2.2). G e n e r a l l y , an i r r i g a t i o n system can be determined 
most e f f e c t i v e i f the growth of the p l a n t s can be 
optimized by the adequate supply of water u s i n g a system 
which i s : 
- easy to handle f o r the operator 
- adapted to the volume of labour 
- adapted to the p l a n t s s p e c i f i c and environmental 
c o n d i t i o n s 
- economic 
- s u i t a b l e f o r minimizing unproductive water l o s s e s 
- s a f e to operate 
- easy to r e p a i r 
N e v e r t h e l e s s , there are some b a s i c premises which 
one must use i n working t h i s a n a l y s i s and l a t e r i n the 
t h e s i s the case s t u d i e s and examples w i l l be used to 
t e s t these p r e l i m i n a r y e v a l u a t i o n s . 
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2.1 BFFECTIVITY OF IRRIGATION IN TERMS OF WATER 
The e f f e c t i v i t y of the i r r i g a t i o n water can be 
defined a c c o r d i n g to the f o l l o w i n g scheme adapted from 
Garbrecht (Ref. 2.3) 
A For macro - economic purpose = e Q 
e _Yalue_of_the_exgected_crop_increa.se (£) 
cost of the water i n c l u d i n g investments f o r 
i r r i g a t i o n systems and labour input (£) 
B For the development of water r e s o u r c e s = e^ 
;1 
•z 
a v a i l a b l e water i n t a k e i n t o the i r r i g a t i o n 
system (m^) 
C For s p e c i f i c farm - water management = eg 
Zi_l^_i32E£^s_(k__ 
Q — — — — — ~ 
water i n t a k e i n t o the i r r i g a t i o n system ( n r ) 
D For the d e t e r m i n a t i o n of the i r r i g a t i o n e f f e c t i v i t y 
D.j storage e f f e c t i v i t y $ = e-^-j 
amount of water d i v e r t e d from storage 
f o r i r r i g a t i o n (m ) 
e 3 / l *- x 100 
amount or water s u p p l i e d to storage r e s e r v o i r ( n r ) 
Dg c a n a l e f f e c t i v i t y i» = 
amount of water a v a i l a b l e a t the i r r i g a t e d 
p l o t s (nr ) 
6 3/2 x 100 
amount of water d i v e r t e d i n t o the c a n a l 
system (m ) 
i r r i g a t i o n e f f e c t i v i t y % = e-^/j 
amount of water maintained i n the root zone (m^) 
3/3 x 100 
amount of water d e l i v e r e d i n t o the i r r i g a t e d 
plot (m 5) 
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Note: i n these c a l c u l a t i o n s , no water requirement 
f o r l e a c h i n g to prevent s o l u b l e m i n e r a l accumulation i n 
t h e s o i l i s taken i n t o account. 
The b a s i c t h e o r e t i c a l p r e r e q u i s i t e of i r r i g a t i o n 
e f f e c t i v i t y i s i f 1 0C$ of the water a v a i l a b l e a t source 
i s u t i l i z e d by the p l a n t s f o r growth and t r a n s p i r a t i o n . 
T h i s can only be p o s s i b l e by optimal i r r i g a t i o n management 
and c o n t r o l l e d environmental c o n d i t i o n s such as s a i t f r e e 
water and n e u t r a l p l a n t r o o t i n g m a t e r i a l . 
Water l o s s e s i n g e n e r a l , and acc o r d i n g to the 
d i f f e r e n t methods of i r r i g a t i o n , are caused by the 
f o l l o w i n g f a c t o r s : 
water l o s s e s i n the storage b a s i n ( e ^ ^ ) by 
- evaporation from the water s u r f a c e 
- t r a n s p i r a t i o n by weeds 
- seepage 
and can be estimated i n the range of 5$ to15% 
Water l o s s e s i n the c a n a l s and f i e l d d i t c h e s ( e ^ ^ ) ^y 
- evaporation from the water s u r f a c e 
- e v a p o - t r a n s p i r a t i o n by phreatophytes 
- seepage 
- management 
and can be estimated i n long earthen c a n a l systems as 
up to 40$ 
Water l o s s e s on the i r r i g a t e d a r e a ( e ^ y ^ ) 
- inadequate i r r i g a t i o n method 
- evaporation from the s o i l s u r f a c e 
- management f a i l u r e s with regard to: 
. i r r i g a t i o n i n t e r v a l s and amount of water a p p l i e d 
. s p e c i f i c i r r i g a t i o n follow-up operations i n s o i l 
p r e p a r a t i o n 
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- inadequate maintenance of i r r i g a t i o n equipment 
- seepage and drainage 
can be estimated i n the range of 10$ to 80$. 
The f a c t o r a f f e c t i n g i r r i g a t i o n e f f e c t i v i t y i n terms 
of water a r e shown i n F i g u r e 2.1. I f we apply the b a s i c 
formulae p o s t u l a t e d on page 42 i n t h i s F i g u r e , the amount 
of water l o s s through storage ( e ^ / ^ ) and through c a n a l s 
^ e3/2^ a r e "*"n ^ e r a n S e °^ 50$ f o r a l l i r r i g a t i o n methods. 
I f water storage b a s i n s or c a n a l s a r e not used, these l o s s e s 
a r e n i l . F o r example, i n b a s i n i r r i g a t i o n the proportion of 
water maintained i n the root zone by u s i n g storage b a s i n 
and c a n a l s can be determined on the s c a l e ©^/l a s ^ $ "to 
45$. I f t h e r e i s b a s i n i r r i g a t i o n p r a c t i s e d without storage 
b a s i n s the s c a l e e^y^ should be used. I n t h i s c a s e , the 
proportion of water maintained i n the root zone i s i n the 
range of 30$ to 50$. Without the use of water storage 
b a s i n s and c a n a l s , as i s u s u a l l y the case w i t h d r i p 
i r r i g a t i o n , the s c a l e ej/j should be used. The s c a l e 
'water a t source* shows the corresponding amount of water 
3 3 i n m by an estimated water amount a t source of 1,000 m . 
I t can be s t a t e d t h a t w i l d f l o o d i n g r e p r e s e n t s the h i g h e s t 
amount of water l o s s e s , some 80$. The border i r r i g a t i o n 
method shows w i t h 50$ water l o s s e s g i v e n the use of 
storage b a s i n and c a n a l s , or 30$ l o s s e s without u s i n g 
storage b a s i n and c a n a l s , e.g. by u t i l i z i n g a c l o s e d pipe 
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2 .2 COSTS OF CONSTRUCTION AND INSTALLATION 
The b a s i c investment f o r f i e l d i r r i g a t i o n c o n s i s t s 
of e x p l o i t i n g the e x i s t i n g water r e s o u r c e s which a r e mainly 
composed of: 
a) s u r f a c e water 
c o l l e c t i o n and storage of p r e c i p i t a t i o n 
a.1 i n the s o i l ( r u n - o f f i r r i g a t i o n or dry farming) 
a.2 i n a r e s e r v o i r 
a. 3 t a k i n g o f f water from r i v e r s and l a k e s 
b) ground-water 
b. 1 s p r i n g s 
b.2 w e l l s ( d i f f e r e n t types) 
These types of investment cannot be t r a n s l a t e d to 
g e n e r a l l y accepted cost f a c t o r s because of d i f f e r e n t 
environmental and economic c o n d i t i o n s , e.g. depth of the 
ground-water t a b l e , g e o l o g i c a l formations, amount of 
p r e c i p i t a t i o n and labour c o s t s . 
The d i s t a n c e of the water source to the i r r i g a t e d 
a r e a , the topographic c o n d i t i o n s and amount of water to 
be t r a n s p o r t e d i n f l u e n c e the c o s t s of water conduction, 
e.g. by c a n a l s , pipes and, i f necessary l i f t i n g s t a t i o n s . 
For the i r r i g a t i o n systems themselves, investment 
i n c o n s t r u c t i o n c o s t s can be d i v i d e d between s u r f a c e 
i r r i g a t i o n systems or pressure systems. I n a d d i t i o n there 
are common expenses of d e p r e c i a t i o n , f o r water d i s t r i b u t i o n , 
e.g. labour and/or energy and s p e c i f i c i r r i g a t i o n 
c u l t i v a t i o n operations l i k e c r u s t breaking, annual 
c o n s t r u c t i o n of furrows or c o r r u g a t i o n s . 
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Table 2.1 shows r e l a t i v e d a t a of d i f f e r e n t c o s t 
f a c t o r s f o r d i f f e r e n t i r r i g a t i o n methods. T h i s demonstrates 
an overview of main cost f a c t o r s . Here, b a s i n i r r i g a t i o n 
r e p r e s e n t s the h i g h e s t subsumed c o s t s . By p r e s s u r e 
i r r i g a t i o n systems, d r i p i r r i g a t i o n r e p r e s e n t s the 
lowest subsumed c o s t s . 
F i g u r e 2.2 shows s c h e m a t i c a l l y , d a t a of observed 
c o n s t r u c t i o n and i n s t a l l a t i o n c o s t s of d i f f e r e n t i r r i g a t i o n 
systems. I t i l l u s t r a t e s the ranges of v a r i a t i o n s which are 
t y p i c a l of p a r t i c u l a r i r r i g a t i o n development p r o j e c t s , 
e.g. found i n d i f f e r e n t i r r i g a t i o n schemes i n Morocco, 
Spain (Campo de C a r t a g e n a ) . These are c a l c u l a t e d from 
2 4 
German market p r i c e s of i r r i g a t i o n equipment. According 
to d i f f e r e n t environmental c o n d i t i o n s and p r i c e l e v e l s , 
there w i l l be some d i f f e r e n c e s i n the p r i c e s f o r the same 
c o n s t r u c t i o n work or i r r i g a t i o n equipment. 
I n s u r f a c e i r r i g a t i o n systems, investment i n land 
grading, c o n s t r u c t i o n of d i t c h e s and the s i z e of the p l o t s 
are r e l a t e d to the topographic and s o i l c o n d i t i o n s . 
Therefore, the expenses of these cannot be s t a n d a r d i z e d as 
the systems have to be adapted i n t h e i r l a y o u t to these 
f a c t o r s . 
The investment cost of p r e s s u r e i r r i g a t i o n systems 
can be c a l c u l a t e d according to the amount of m a t e r i a l s 
r e q u i r e d which are mostly independent of the environmental 
c o n d i t i o n s . 
I n subsurface i r r i g a t i o n , c o s t s must be r e l a t e d to the 
s o i l and topographic c o n d i t i o n s . 
G e n e r a l l y i t can be observed t h a t the i n i t i a l investment 
c o s t s f o r s u r f a c e i r r i g a t i o n systems a r e lower than those f o r 
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p r e s s u r e i r r i g a t i o n systems. Pressure i r r i g a t i o n t h e r e f o r e 
cannot be i n s t a l l e d u s i n g low i n i t i a l i n v e s t m e n t s . 
D r a i n a g e and i t s ensuing expenses has been proved 
n e c e s s a r y f o r a l l t y p e s o f i r r i g a t i o n systems. 
2.3 COSTS OF MAINTENANCE 
I n s u r f a c e i r r i g a t i o n i f a c o n s t a n t w a t e r d i s t r i b u t i o n 
i s t o be a c h i e v e d t h e n maintenance must p r i m a r i l y c o n s i s t of 
r e c o n s t r u c t i o n t h e s o i l s u r f a c e . T h i s n o t o n l y i n c l u d e s 
l e v e l l i n g and/or c o n s t r u c t i o n o f b o r d e r s , f u r r o w s and d i t c h e s , 
b u t a l s o weed c o n t r o l i n t h e i r r i g a t i o n c a n a l s and d i t c h e s . 
The c o s t s o f such o p e r a t i o n s a r e c l o s e l y r e l a t e d t o 
th e r e q u i r e d p r e c i s i o n o f w a t e r d i s t r i b u t i o n . F or f u r r o w or 
b a s i n i r r i g a t i o n , t h e l a b o u r i n p u t i s h i g h e r t h a n f o r e. g. 
w i l d f l o o d i n g . On s m a l l i r r i g a t i o n p l o t s , t h e l a b o u r i n p u t 
n e c e s s a r y f o r maintenance i s much h i g h e r t h a n f o r l a r g e s i z e d 
p l o t s where most o f t h e maintenance work can be done by 
machinery. 
I f an i n a d e q u a t e i r r i g a t i o n method i s used, e. g. 
f u r r o w i r r i g a t i o n on a heavy c l a y s o i l , t h e nec e s s a r y 
maintenance i s much h i g h e r t h a n f o r t h e same i r r i g a t i o n 
method on sandy loam. 
On newly e s t a b l i s h e d i r r i g a t i o n schemes t h e r e q u i r e d 
maintenance i s h i g h and needs more a t t e n t i o n t h a n on o l d e r 
w e l l - e s t a b l i s h e d i r r i g a t i o n a r e a s . 
The maintenance o f s u r f a c e i r r i g a t i o n systems i s 
l a b o u r i n t e n s i v e . N e g l e c t e d maintenance r e s u l t s i n h i g h e r 
w a t e r l o s s e s and t h e r e f o r e a decrease i n i r r i g a t i o n e f f i c i e n c y . 
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Maintenance problems i n s u r f a c e i r r i g a t i o n systems 
a r e p r i m a r i l y caused by: 
- l a c k o f l a b o u r d u r i n g the i r r i g a t i o n season 
- i n a d e q u a t e i r r i g a t i o n method 
- l a b o u r i n t e n s i v e e a r t h moving o p e r a t i o n s and weed c o n t r o l 
- l a c k o f s p e c i a l e a r t h moving machinery 
- i n a d e q u a t e i r r i g a t i o n p r a c t i c e or heavy p r e c i p i t a t i o n 
( t h e e a r t h e n dams and b o r d e r s can be d e s t r o y e d t h r o u g h 
heavy e r o s i o n s ) 
P r e s s u r e i r r i g a t i o n systems r e q u i r e maintenance o f t h e i r 
m e c h a n i c a l p a r t s t o keep t h e system s e r v i c e a b l e . The g r e a t e r 
th e p r e c i s i o n o f the w a t e r d i s t r i b u t i o n system t h e more 
i m p o r t a n t i t s s e r v i c i n g and maintenance. T h i s means t h a t a 
d r i p i r r i g a t i o n system w i t h s m a l l w a t e r o u t l e t s , o f e. g., 
3 l / h per e m i t t e r , r e q u i r e s more a t t e n t i o n t o p r e v e n t b l o c k -
ages t h a n a water o u t l e t f o r 10 l / h per e m i t t e r o r even a 
s p r i n k l e r . 
The maintenance problems o f p r e s s u r e i r r i g a t i o n 
systems a r e p r i m a r i l y caused by: 
- h i g h need f o r spare p a r t s due t o m i s h a n d l i n g t h e equipment 
- non a v a i l a b i l i t y o f spare p a r t s 
- need o f s k i l l e d mechanics 
- t h e maintenance o f p r e s s u r e i r r i g a t i o n systems i s n o t o n l y 
a f a c t o r o f money i n p u t b u t e s s e n t i a l l y a q u e s t i o n of 
t h e a v a i l a b i l i t y o f t r a i n e d c r a f t s m e n . 
Subsuming the maintenance e l e m e n t s , d i f f e r e n t k i n d s 
o f r e q u i r e m e n t s can be a t t a c h e d t o d i f f e r e n t i r r i g a t i o n 
methods. These can a l s o be r e f e r r e d t o 'annual c o s t 1 on 
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T a b l e 2.1 w h i c h a r e b a s i c a l l y c a l c u l a t e d by c o s t f a c t o r s , 
based on s p e c i f i c maintenance n e c e s s i t i e s . I t must a l s o 
be emphasised t h a t b o t h major and minor c r i t i c a l f a c t o r s 
can make a system go wrong. S t r i c t maintenance i s 
n e c e s s a r y , e s p e c i a l l y i n e a r t h moving o p e r a t i o n s , w a t e r 
d i s t r i b u t i o n work and c r u s t b r e a k i n g s i n c e t h e s u r f a c e 
zone o f t h e s o i l i t s e l f r e p r e s e n t s t h e i r r i g a t i o n system. 
M o s t l y , t h e maintenance cannot be done on t i m e because 
of a v a i l a b i l i t y o f l a b o u r , and/or t h e q u a n t i t y and q u a l i t y 
o f p a r t i c u l a r m a c h i n e r y f o r e a r t h moving and c u l t i v a t i o n 
work. 
F o r p r e s s u r e i r r i g a t i o n methods, t h e c r i t i c a l p o i n t s 
of maintenance a r e based on t h e a v a i l a b i l i t y o f spare 
p a r t s as w e l l as on t h e know-how f o r o p e r a t i o n and r e p a i r . 
The i n f l u e n c e o f d i f f e r e n t maintenance r e q u i r e m e n t s 
on t h e d e s i g n o f f i e l d i r r i g a t i o n systems w i l l be d i s c u s s e d 
i n C hapter 3.7> 
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2.4 LABOUR AND WATER ECONOMICS 
The economics o f t h e l a b o u r i n p u t needed t o o p e r a t e 
an i r r i g a t i o n system can be de t e r m i n e d a c c o r d i n g t o ; 
i l a b o u r demand a t p e r i o d i c i n t e r v a l s and i n u n i t s o f ti m e 
per nr i r r i g a t i o n w a t e r d i s t r i b u t e d over t h e f i e l d . 
3 
i i p r o d u c t i o n c a p a c i t y per m i r r i g a t i o n w a t e r i n r e l a t i o n 
t o t h e i n p u t o f l a b o u r per ha and t o t a l g r o w t h p e r i o d 
under i r r i g a t i o n . 
T h i s i n c l u d e s t h e l a b o u r r e q u i r e m e n t s f o r i r r i g a t i o n , 
maintenance o f t h e f i e l d d i t c h e s , w a t e r d i s t r i b u t i o n ( f l o w 
c o n t r o l ) and s p e c i f i c i r r i g a t i o n f o l l o w - u p o p e r a t i o n s . 
Excluded f r o m t h i s f i g u r e a r e t h e l a b o u r r e q u i r e m e n t s f o r 
wa t e r l i f t i n g , s t o r a g e and c o n d u c t i o n t o t h e i r r i g a t e d a r e a . 
( i ) Labour demand: 
As p e r s o n a l l y observed i n Colombia ( h i g h p l a i n s o f 
Bogota) i n 1965 t o 1967 and i n S p a i n ( M u r c i a ) i n 1971 t o 
1974, the p e r i o d i c i t y o f l a b o u r demand f o r i r r i g a t i o n 
r e p r e s e n t s a s e r i o u s problem f o r f a r m management. The 
i r r i g a t i o n season s t a r t s s i m u l t a n e o u s l y w i t h t h e g r o w i n g 
season o f t h e c r o p s . P l a n t p r o t e c t i o n o p e r a t i o n s , weed 
c o n t r o l and t h e h a r v e s t o f f o r a g e crops and v e g e t a b l e s have 
t o be r e a l i z e d p a r a l l e l w i t h t h e i r r i g a t i o n l a b o u r . 
For example, i n the h i g h p l a i n s o f Bogota, a m o b i l e 
s p r i n k l e r i r r i g a t i o n u n i t o f 15 s p r i n k l e r s had been used 
as a d e v i c e f o r s u p p l e m e n t a l i r r i g a t i o n f o r 50 ha c e r e a l s 
and 50 ha maize and f o r a g e c r o p s . W i t h t h r e e s k i l l e d 
l a b o u r e r s a v a i l a b l e , who were a l s o t r a i n e d as t r a c t o r d r i v e r s , 
t h e f a r m management had t o choose between t h e c o n t i n u a t i o n 
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o f t h e r e g u l a r f a r m work and i r r i g a t i o n . As t h e r e were no 
s k i l l e d c a s u a l w o r k e r s a v a i l a b l e t o move t h e equipment t h e 
i r r i g a t i o n work c o u l d n o t be done. 
I n S p a i n , t h e v e g e t a b l e growers had t o employ day-
l a b o u r e r s f o r s u r f a c e ( f u r r o w ) i r r i g a t i o n , even on s m a l l 
farms w i t h a s i z e o f about 10 ha, t o master the l a b o u r 
peak d u r i n g t h e i r r i g a t i o n season. The p e r i o d i c a l l y m o b i l i z e d 
c a s u a l w o r k e r s s p e c i a l i z e d i n i r r i g a t i o n , g o t about t h e 
d o u b l e o f t h e wages t h a n permanent employed f a r m w o r k e r s . 
T h e i r employment i s based on t h e i n d i s p e n s a b i l i t y o f b o t h , 
i r r i g a t i o n and o t h e r f a r m work. 
•5 
The r e q u i r e d l a b o u r demand i n u n i t s o f t i m e per m 
i r r i g a t i o n w a t e r i s r e l a t e d t o t h e 
- k i n d o f i r r i g a t i o n system 
- l a y o u t and o p e r a t i n g c o n d i t i o n s o f t h e i r r i g a t i o n system 
- s i z e o f t h e i r r i g a t e d p l o t s 
- a v a i l a b i l i t y o f t h e amount o f w a t e r per u n i t o f t i m e 
- l e v e l o f m e c h a n i z a t i o n or a u t o m a t i z a t i o n 
- l e v e l o f knowledge o f t h e l a b o u r e r 
I n s u r f a c e i r r i g a t i o n systems t h e amount o f w a t e r 
d e l i v e r e d i n an u n i t o f t i m e depends on t h e f l o w c a p a c i t y 
o f t h e c a n a l s and d i t c h e s , and/or on t h e i r f e e d i n g c a p a c i t y . 
The a l l o w e d maximum f l o w v e l o c i t y on t h e s o i l s u r f a c e 
compared w i t h t h e r a t i o o f w a t e r a b s o r p t i o n t o a v o i d e r o s i o n , 
as w e l l as t h e p h y s i c a l l a b o u r c a p a c i t y f o r c o n t r o l l i n g and 
g u i d i n g t h e w a t e r s t r e a m over t h e i r r i g a t e d p l o t must be 
c o n s i d e r e d . I n t e r m i t t e n t a p p l i c a t i o n o f w a t e r i s 
c h a r a c t e r i s t i c o f f l o o d i n g systems i n w h i c h t h e s o i l -
w a t e r b a l a n c e f l u c t u a t e s o ver t i m e . As we s h a l l see l a t e r 
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i n Chapters 3 and 4, t h e p e r i o d i c i t y o f maximum and 
minimum w a t e r h o l d i n g i n the r o o t zone i s v e r y l a r g e l y 
d e t e r m i n e d by s p e c i f i c b i o l o g i c a l , s o i l and c l i m a t i c 
c o n d i t i o n s . However, t h e d i r e c t l a b o u r demand by i r r i g a t i o n 
i s governed by t h e c y c l e d u r i n g w h i c h s o i l m o i s t u r e i s 
b u i l t up by w a ter a p p l i c a t i o n , d e p l e t e d by demand and 
t h e n r e p l e n i s h e d . 
I n such systems, t h e c o n t r o l o f f l o w i s c a r r i e d out 
m a i n l y by manual l a b o u r . 
On w e l l e s t a b l i s h e d s u r f a c e i r r i g a t i o n schemes, 
f o r example i n t h e South East o f S p a i n ( H u e r t a de M u r c i a ) , 
the f l o w c a p a c i t y o f most i r r i g a t i o n d i t c h e s had been 
s t a n d a r d i z e d d u r i n g t h e Roman and Arab Empire a t 144 i n / h , 
. p 5 
r e s p e c t i v e l y 40 1/s. ' J T h i s amount o f w a t e r can be h a n d l e d 
by one s k i l l e d l a b o u r e r , c o n t r o l l i n g t h e f l o w i n t o b a s i n s 
or f u r r o w s as w e l l as t h e d i s t r i b u t i o n over t h e p l o t . 
C o n s i d e r i n g t h e t y p i c a l amount o f 1,200 m /ha i r r i g a t i o n 
w a t e r per i r r i g a t i o n i n t e r v a l on o r c h a r d s , one l a b o u r e r 
3 3 
w i l l be a b l e t o i r r i g a t e one ha i n 1,200 m f H 4 m = 8 h o u r s . 
On o t h e r i r r i g a t i o n schemes, w i t h l e s s adequate 
l e v e l l i n g and l a y o u t , f o r example i n Haradh, S a u d i A r a b i a , 
2 6 
one man can h a r d l y h a n d l e a f l o w o f more t h a n 30 l / s . 
P e r s o n a l o b s e r v a t i o n s were made on newly e s t a b l i s h e d 
i r r i g a t i o n schemes i n Morocco h a v i n g n e a r l y t h e same 
e n v i r o n m e n t a l c o n d i t i o n s as f o u n d i n t h e South East o f 
S p a i n . However, t h e r e was d i f f e r e n t and r e l a t i v e l y 
u n f a v o u r a b l e l a y o u t o f i r r i g a t e d p l o t s , b o t h i n l e v e l l i n g 
and s i z e , and t h e s e were h a n d l e d by f a r m e r s who were n o t 
y e t f a m i l i a r i z e d w i t h i r r i g a t i o n p r a c t i c e s . Here, t h e 
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e s t i m a t e d average c a p a c i t y t o c o n t r o l t h e water f l o w i n t o 
b a s i n s o r f u r r o w s was i n the range o f 80 m^/h, r e s p e c t i v e l y 
22 l / s . C o n s i d e r i n g a g a i n a wa t e r amount o f 1,200 m-^ /ha 
and i r r i g a t i o n i n t e r v a l , one l a b o u r e r w i l l be a b l e t o 
i r r i g a t e one ha i n 1,200 t 80 = 15 hours o r , i n o t h e r 
words, two days. 
On p r e s s u r e i r r i g a t i o n systems t h e l a b o u r demand 
•3 
r e q u i r e d per m i r r i g a t i o n w a t e r depends on t h e 
- t y p e , l a y o u t and e x t e n s i o n o f t h e system 
- f l o w r a t e t h r o u g h t h e system. 
The c y c l e o f d e p l e t i o n and r e p l e n i s h m e n t o f s o i l 
m o i s t u r e i s c l o s l y r e l a t e d t o the kind, o f i r r i g a t i o n equipment 
used. I d e a l l y , t h e r o o t zone w a t e r budget i s m a i n t a i n e d a t a 
d e s i r e d l e v e l by t h e a l m o s t c o n t i n o u s a d d i t i o n o f s m a l l 
i n c r e m e n t s o f w a t e r . Labour demand t h e r e f o r e i s d e t e r m i n e d 
by t h e o p e r a t i o n and c o n t r o l l i n g o f each p e r i o d of c o n t i n o u s 
w a t e r a p p l i c a t i o n . I f we t a k e as a s t a n d a r d f o r comparison a 
w a t e r i n g c y c l e by s u r f a c e f l o o d i n g and s p r i n k l e r i r r i g a t i o n 
2 V 2 8 an i n t e r v a l o f some 15 days ( e . g . i n I r a n and Egypt " ) , 
we can assess t h e l a b o u r demand f o r d i f f e r e n t p r e s s u r e 
i r r i g a t i o n systems as f o l l o w s . 
A f i x e d s p r i n k l e r i r r i g a t i o n system on average 
r e q u i r e s 0.5 man h o u r s per ha per 15 day c y c l e . Semi f i x e d 
and m o b i l e s p r i n k l e r systems o b v i o u s l y have h i g h e r demands 
a v e r a g i n g some 4 hours/ha per c y c l e s i n c e equipment has t o 
be moved a t v a r i o u s t i m e f r e q u e n c i e s . ^ " ^ 
D r i p i r r i g a t i o n systems, m o s t l y p e r m a n e n t l y i n s t a l l e d , 
have the c h a r a c t e r i s t i c s o f low w a t e r o u t p u t per u n i t o f 
t i m e b u t v e r y f r e q u e n t i r r i g a t i o n a p p l i c a t i o n s i n v e r y s h o r t 
c y c l e s . T h e r e f o r e t h e l a b o u r t i m e spent cannot as e a s i l y be 
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c a l c u l a t e d o r r e l a t e d t o t h e c y c l e s . I n r e l a t i o n t o t h e 
f i x e d i n s t a l l e d s p r i n k l e r i r r i g a t i o n system n o t e d above, 
o p e r a t e d a t 15 days i n t e r v a l s by a l a b o u r demand o f 0.5 h/ha, 
d r i p i r r i g a t i o n r e q u i r e s , d u r i n g t h e same p e r i o d , about 
0.5 t o 1 man hour e x p e n d i t u r e per ha f o r c o n t r o l and 
maintenance work. 
I n o t h e r words, d u r i n g t h e same 15 days p e r i o d a 
s m a l l e r volume o f w a t e r would be a p p l i e d , i n a s e r i e s o f 
s h o r t c y c l e s o f near c o n t i n u o u s a p p l i c a t i o n and t h e t o t a l 
l a b o u r demand would be s i m i l a r o r o n l y s l i g h t l y g r e a t e r , 
( i i ) P r o d u c t i o n c a p a c i t y : 
As s t a t e d i n F i g u r e 2.1, t h e amount o f i r r i g a t i o n 
w a t e r used by t h e p l a n t s v a r i e s between 30$ and 90$, 
depending on t h e w a t e r l o s s e s ( e f f i c i e n c y o f 
i r r i g a t i o n = e ^ ^ ) . 
As o p e r a t e d i n t h e South East o f S p a i n , t o produce a h a r v e s t 
o f , f o r example, 35 t o n s o f tomatoes per ha w i t h a t o t a l 
g r o w t h p e r i o d o f 150 days, t h e w a t e r and l a b o u r 
r e q u i r e m e n t f o r i r r i g a t i o n w a t e r were: 
•7. 
- by d r i p i r r i g a t i o n 4,000 m /ha w a t e r and 10 man hour s 
- by f u r r o w i r r i g a t i o n 8,000 m^/ha w a t e r and 56 man h o u r s . 
The d i f f e r e n c e i n t h e p r o d u c t i o n c a p a c i t y per m^ i r r i g a t i o n 
w a t e r and man hours can be c a l c u l a t e d as f o l l o w s : 
- D r i p i r r i g a t i o n , 35,000 kg 4- 4,000 nr = 8.8 kg tomatoes 
•5 
per m i r r i g a t i o n w a t e r by a l a b o u r i n p u t o f 
35,000 kg «- 10 h = 3,500 kg per man h o u r . 
- Furrow i r r i g a t i o n , 35,000 kg *- 8,000 m = 4.4 kg tomatoes 
3 
per nr i r r i g a t i o n w a t e r by a l a b o u r i n p u t o f 
35,000 kg *- 56 h = 625 kg per man h o u r . 
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F i g u r e 2.3 shows r e l a t i v e d a t a o f l a b o u r demand 
f o r i r r i g a t i o n s p e c i f i c o p e r a t i o n s i n man hours per ha and 
i r r i g a t i o n c y c l e ( e . g . c r u s t b r e a k i n g , maintenance o f 
r i d g e s and d i t c h e s , movement o f i r r i g a t i o n equipment) as 
w e l l as f o r w a t e r d i s t r i b u t i o n ( e . g . f l o w c o n t r o l over t h e 
i r r i g a t e d p l o t , c o n t r o l and maintenance o f i r r i g a t i o n e q u i p -
ment).These F i g u r e s a r e i n r e l a t i o n t o t h e c o r r e s p o n d i n g 
amount o f t h e i r r i g a t i o n w a t e r u s u a l l y a p p l i e d . I n r u n - o f f 
i r r i g a t i o n , t h e amount o f w a t e r depends on t h e i n t e n s i t y 
o f p r e c i p i t a t i o n and t h e r e f o r e cannot be p r e d e t e r m i n a t e d . 
As d r i p i r r i g a t i o n has s h o r t i n t e r v a l s between t h e c y c l e s 
t h e c o r r e s p o n d i n g amount o f w a t e r cannot be r e l a t e d t o one 
i r r i g a t i o n c y c l e i n t h i s F i g u r e . I n s u r f a c e i r r i g a t i o n , t h e 
h i g h e s t l a b o u r demand per amount o f w a t e r a p p l i e d can be ob-
s e r v e d i n f u r r o w i r r i g a t i o n . T h i s demand i s m a i n l y based on 
t h e r e l a t i v e l y h i g h l a b o u r r e q u i r e d b o t h f o r f l o w c o n t r o l 
by f u r r o w s and f o r c r u s t b r e a k i n g . I n s u b s u r f a c e i r r i g a t i o n , 
no s p e c i f i c i r r i g a t i o n f o l l o w - u p l a b o u r i s r e q u i r e d ; as t h e 
s o i l s u r f a c e w i l l be k e p t d r y by i r r i g a t i o n , c r u s t f o r m a t i o n 
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2.5 ECONOMY - BALANCE OF INPUT FOR THREE ROW CROPS 
UNDER SURFACE AND PRESSURE IRRIGATION 
Most o f t h e f o l l o w i n g d a t a o f i n p u t f o r i r r i g a t i o n 
were o b t a i n e d i n 1974 i n M u r c i a . I n t h i s a rea s u r f a c e 
i r r i g a t i o n had been i n t r o d u c e d by t h e Greeks and Romans 
d u r i n g t h e i r i m p e r i a l epochs and i s s t i l l p r a c t i c e d . 
The s o i l o f t h e observed i r r i g a t e d a rea can be 
d e s c r i b e d as a sandy loam, poor i n o r g a n i c m a t t e r w i t h an 
i n f i l t r a t i o n r a t e o f about 1.5 cm per hour. The d e p t h o f 
t h e t o p s o i l i s around 3 m w i t h a pH v a l u e o f 8.0 t o 8.5. 
The i r r i g a t i o n w a t e r i n t h i s case, r i s e d f r o m a 
w e l l 150 m deep, had an e l e c t r i c a l c o n d u c t i v i t y o f 
3,937 m i l l i m h o s / c m , c o n t a i n i n g 990 mg NaCl per 1 and a 
SAR (sodium a d s o r p t i o n r a t i o ) o f 4.1. A c c o r d i n g t o t h e 
c l a s s i f i c a t i o n d i a g r a m f o r i r r i g a t i o n w a t e r , f r o m t h e 
US S a l i n i t y L a b o r a t o r y , t h e w a t e r c o u l d be c l a s s i f i e d i n t o 
L4/N2 ( L 4 = h i g h s a l i n i t y , N2 = moderate Na + c o n t e n t ) . 
D e s p i t e t h e h i g h s a l t c o n t e n t , a r t i f i c i a l d r a i n a g e o p e r a t i o n s 
were n o t n e c e s s a r y i n most cases. T h i s was because o f t h e 
deep t o p s o i l and absence o f o b s t r u c t i v e s o i l l a y e r s . 
The c a r b o n a t e hardness o f t h e water was i n t h e range 
o f 64 degrees (1 degree = 1 g r a i n CaCO^ per g a l l o n o f w a t e r ) . 
T h i s r e l a t i v e l y h i g h c a r b o n a t e c o n t e n t w h i c h would cause 
i n c r u s t a t i o n s i n t h e e m i t t e r s made d r i p i r r i g a t i o n d i f f i c u l t . 
The c l i m a t i c d a t a , g i v e n i n Table 2.2, shows a d r y 
season f r o m F e b r u a r y t i l l September, and a wet one f r o m 
October t i l l J a n u a r y . 
The d a t a o f i n i t i a l i n v e s t m e n t and c o s t s o f s u r f a c e 
i r r i g a t i o n , shown i n Tab l e 2.3> were c o l l e c t e d on a 60 ha 
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f a r m i n t h i s a r e a . As mentioned b e f o r e , t h e w a t e r i s pumped 
fro m a w e l l 150 m deep. I n o r d e r t o have a w a t e r r e s e r v e , 
f o r example, i f t h e pump u n i t has t o be r e p a i r e d , a s t o r a g e 
•5 
r e s e r v o i r o f 70,000 m c a p a c i t y had been c o n s t r u c t e d b e s i d e 
t h e w e l l . T a b l e 2.4 shows t h e c o r r e s p o n d i n g d a t a o f i n p u t 
f o r i r r i g a t i o n and i r r i g a t i o n s p e c i f i c c u l t i v a t i o n work 
f o r 50 ha o f c i t r u s f r u i t s ( p l a n t d i s t a n c e 5 x 4 m,), 9 ha 
o f melons and 1 ha o f t o m a t o / a u b e r g i n e , c u l t i v a t e d i n a 
greenhouse i n 2 t o 2.5 c r o p r o t a t i o n s / y e a r . Here, t h e 
c i t r u s f r u i t s a r e i r r i g a t e d by b a s i n s and b o r d e r i r r i g a t i o n ; 
t h e v e g e t a b l e s (melons, tomatoes and a u b e r g i n e s ) by 
f u r r o w i r r i g a t i o n . 
For t h e b a s i s o f t h e c omparison made below t h e w a t e r 
used i n t h i s system i s assumed t o e q u a l t h e a c t u a l w a t e r 
r e q u i r e m e n t s . 
For a s e r a i - f i x e d s p r i n k l e r i r r i g a t i o n system, t h e 
d a t a i s g i v e n i n T a b l e s 2.5 and 2.6. I t was c o l l e c t e d on 
d i f f e r e n t farms i n t h e same r e g i o n and i s e x t r a p o l a t e d t o 
s t a n d a r d a r e a s . I t may be n o t e d t h a t s p r i n k l e r i r r i g a t i o n 
would n o t be s u c c e s s f u l w i t h t h i s k i n d o f w a t e r because 
of t h e h i g h s a l t c o n t e n t w h i c h caused s c o r c h i n g o f t h e 
f r u i t t r e e s l e a v e s . 
T ables 2.7 and 2.8 g i v e an example o f t h e c o s t s 
f o r d r i p i r r i g a t i o n . Data was o b t a i n e d f r o m e x i s t i n g d r i p 
i r r i g a t i o n systems on farms as w e l l as f r o m r e s u l t s f r o m 
s e v e r a l t r i a l s i n t h e same a r e a . 
To c o r r e l a t e t h e f i x e d c o s t s t o t h e i n p u t r e q u i r e m e n t s 
of t h e d i f f e r e n t c r o p s , i . e . how much one has t o i n v e s t 
t o be a b l e t o i r r i g a t e a c e r t a i n c r o p , t h e sum o f f i x e d 
c o s t s has been d i s t r i b u t e d i n r e l a t i o n t o t h e r a t i o o f 
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water r e q u i r e d by each c r o p . 
I t may be e x p l a i n e d , t h a t t h e p e r c e n t a g e s o f 
d e p r e c i a t i o n a l l o c a t e d i n T a b l e s 2.3> 2.5 and 2.7, a r e 
c a l c u l a t e d on t h e base o f t h e f a r m e r s e x p e c t a t i o n o f t h e 
u s e f u l l i f e o f t h e c o r r e s p o n d i n g i t e m s , s u p p o r t e d by o t h e r 
evidence (see Ref. 2.9 and 2 . 1 0 ) . C a l c u l a t i n g t h e p e r c e n t a g e 
of d e p r e c i a t i o n the f o r m u l a i s : 
100$ 
= d e p r e c i a t i o n $/year 
u s e f u l l i f e o f c o r r e s p o n d i n g i t e m / y e a r 
Average a n n u a l i n t e r e s t c o s t s marked i n Tables 2.3> 
2.5 and 2.7 a r e c a l c u l a t e d on t h e assumed i n t e r e s t r a t e o f 
8 p e r c e n t . T h i s F i g u r e was a r r i v e d t h r o u g h c o n v e r s a t i o n s 
w i t h IRYDA i n S e v i l l a , S p a i n , i n 1 9 7 9 - 2 ° 1 1 Here i t s h o u l d 
be n o t e d t h a t o f t h e g e n e r a l a c t u a l i n t e r e s t r a t e o f about 
12 p e r c e n t / y e a r , t h e government meets 4 p e r c e n t as a g r a n t . 
The f o r m u l a used f o r c a l c u l a t i n g t h e average a n n u a l 
i n t e r e s t c o s t o f t h e i n v e s t m e n t i s e s t i m a t e d by m u l t i p l y i n g 
the r a t e of i n t e r e s t t i m e s t h e average i n v e s t m e n t . 
new c o s t o f i t e m 
Annual i n t e r e s t c o s t x i n t e r e s t r a t e 
2 
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On the basis of t h i s example a n a l y s i s the 
conc l u s i o n can be summarised thus: low demand on i n i t i a l 
investment costs g e n e r a l l y r e q u i r e s a h i g h demand i n 
running expenses, mainly i n terms of labour, because of the 
poor e f f i c i e n c y of the method of i r r i g a t i o n . I n p a r t i c u l a r , 
by surface f l o o d i n g ( f u r r o w and basin i r r i g a t i o n ) a r e l a t i v e 
low i n i t i a l c a p i t a l investment w i t h a h i g h demand on labour, 
associated w i t h a low e f f e c t i v i t y of i r r i g a t i o n water i s 
gi v e n . Here, the f i x e d costs are about 50$ lower than the 
v a r i a b l e costs f o r running expenses. 
With semi f i x e d s p r i n k l e r i r r i g a t i o n , no s i g n i f i c a n t 
d i f f e r e n c e i n terms of demand on running expenses i n 
comparison t o surface f l o o d i n g can be observed. The savings 
of man hours, a t hi g h e s t i n the greenhouse, had t o be 
s u b s t i t u t e d by higher i n i t i a l investment f o r the i r r i g a t i o n 
equipment. The e f f e c t i v i t y of i r r i g a t i o n water i s s l i g h t l y 
h i g h er than by surface i r r i g a t i o n , e.g. furrow or border 
i r r i g a t i o n . 
With d r i p i r r i g a t i o n , the demand on i n i t i a l investment 
c a p i t a l on average i s s l i g h t l y higher than f o r surface 
i r r i g a t i o n , but lower than by semi f i x e d s p r i n k l e r i r r i g a t i o n . 
Here, the main d i f f e r e n c e i n comparison w i t h surface and 
semi f i x e d s p r i n k l e r i r r i g a t i o n c o n s i s t s i n the low demand 
on labour and running expenses as w e l l as on the high 
e f f e c t i v i t y i n terms of i r r i g a t i o n water. 
Figure 2.4 represents an overview of the f i x e d and 
v a r i a b l e costs r e q u i r e d by surface i r r i g a t i o n ( b a s i n or 
furrow i r r i g a t i o n ) , semi f i x e d s p r i n k l e r and d r i p i r r i g a t i o n . 
Here the f o l l o w i n g main c h a r a c t e r i s t i c s can be observed: 
- 7 1 -
- the f i x e d costs are lower than the v a r i a b l e costs by 
surface and s p r i n k l e r i r r i g a t i o n and v i c e versa; by 
d r i p i r r i g a t i o n the c o n t r a r y cost r e l a t i o n can be 
observed i n the case of c i t r u s and an equal r a t i o w i t h 
vegetables. 
- the f i x e d costs are at the lowest l e v e l w i t h surface 
i r r i g a t i o n ; however, those costs are only about 20% 
higher ( w i t h d r i p i r r i g a t i o n ) than w i t h surface 
i r r i g a t i o n . I f we compare the l e v e l of f i x e d c o s t s , 
s p r i n k l e r i r r i g a t i o n i s the most expensive. 
- the v a r i a b l e costs are a t t h e i r lowest l e v e l i n d r i p 
i r r i g a t i o n , about 50$ lower than w i t h surface i r r i g a t i o n . 
With s p r i n k l e r i r r i g a t i o n , the v a r i a b l e costs a r e , 
except the greenhouse, n e a r l y a t the same l e v e l as 
surface i r r i g a t i o n . 
I t can be summarised, t h a t the demand on t o t a l 
i n p u t s are n e a r l y equal f o r surface and s p r i n k l e r 
i r r i g a t i o n . By using d r i p i r r i g a t i o n , the comparatively 
lowest demand on t o t a l i n p u t s can be achieved. Some 
q u a l i f i c a t i o n s have to be added t o t h i s g e n e r a l i s a t i o n . 
F i r s t , i n many cases where the t e c h n o l o g i c a l l y 
simpler methods of i r r i g a t i o n are used, e.g. basin f l o o d i n g 
we f i n d t h a t labour inputs are not costed i n monetary terms 
Thus, high inputs of manual f a m i l y labour i n f l o w 
r e g u l a t i o n , e a r t h movement i n t e r r a c i n g e t c . may be 
acceptable i n subsistence o r i e n t a t e d farming. Therefore, 
i n many parts of A f r i c a small farms w i l l u t i l i z e basin 
i r r i g a t i o n methods. 
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Secondly, the cost of m a t e r i a l equipment inputs 
w i l l vary r e g i o n a l l y w i t h a c c e s s i b i l i t y of s u p p l i e s , 
2 12 
t r a n s p o r t f a c i l i t i e s e t c . , as f o r example i n Oman. 
T h i r d l y , imported h i g h technology equipment r e p r e -
sents f o r many less developed c o u n t r i e s a demand on scarce 
f o r e i g n exchange - important f o r example i n M a l i or the 
Sahel r e g i o n . Even so, t h i s economic a n a l y s i s may only 
be u t i l i z e d as one of many c r i t e r i a , which have to' be 
considered as pro and contra i n the comparison of f i e l d 
i r r i g a t i o n systems. 
-73-
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C H A P T E R T H R E E 
3. FACTORS INFLUENCING THE DESIGN OF FIELD 
IRRIGATION SYSTEMS 
I n t r o d u c t i o n 
I n order to get optimum production c a p a c i t y i n 
designing i r r i g a t i o n u n i t s f o r p r e s e n t l y u n i r r i g a t e d land as 
w e l l as the improvement of e x i s t i n g i r r i g a t i o n systems, the 
layout has t o be o r i e n t a t e d around l o c a l environmental, 
economic and human c h a r a c t e r i s t i c s . I n t h i s t h e s i s the main 
emphasis w i l l be an approach through the c o n s i d e r a t i o n of the 
t e c h n i c a l aspects of i r r i g a t i o n . I n many i r r i g a t i o n schemes, 
general aims are formulated w i t h o u t s u f f i c i e n t a p p r e c i a t i o n 
of the l i m i t a t i o n of freedom of manoeuvre imposed by 
t e c h n i c a l f a c t o r s . I n p r a c t i c e i t can be observed t h a t the 
decisions i n s e l e c t i n g a s p e c i f i c i r r i g a t i o n system are 
b a s i c a l l y a f f e c t e d by the f o l l o w i n g f a c t o r s : 
- On the r e g i o n a l or governmental l e v e l the m o t i v a t i o n i n 
deciding between various i r r i g a t i o n methods or systems i s 
mainly based on r e s u l t s of s c i e n t i f i c c a l c u l a t i o n s or t r i a l s 
obtained i n other analogous areas; the pol i t i c o - e c o n o m i c 
b e n e f i t of crop pr o d u c t i o n i n r e l a t i o n t o the f i n a n c i a l 
p o s s i b i l i t i e s and n a t i o n a l p r e s t i g e . Here, the farmers 
a t t i t u d e and t h e i r knowledge are seldom respected. 
- At farm l e v e l , the main arguments i n s e l e c t i n g an 
i r r i g a t i o n system are mainly based on the farmers 
t r a d i t i o n a l experience perceived economic p o s s i b i l i t i e s , 
c r e d i t f a c i l i t i e s , p ossible r e t u r n on c a p i t a l , labour 
economy and the p r a c t i c e s of the neighbouring farm areas. 
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A close c o - o r d i n a t i o n between these two groups of 
i n t e r e s t i s seldom r e a l i z e d . However, where the farmer 
h i m s e l f has selected ' h i s ' i r r i g a t i o n method, fewer 
breakdowns can be observed than on i r r i g a t e d areas where 
he has to f o l l o w orders given by a water and i r r i g a t i o n 
a u t h o r i t y . 
Prom the f o l l o w i n g short examples, some planning 
f a i l u r e s may be observed. 
Since time immemorial i r r i g a t i o n water represents 
f o r the Egyptian farmer the e s s e n t i a l medium to r e a l i s e a 
harvest (personal observation i n 1977)• With the c o n s t r u c t i o n 
of the Assuan Dam, water i s now l i m i t l e s s and f r e e . 
Consequently, the farmers are i n c l i n e d t o water the land 
as much as p o s s i b l e . This has r e s u l t e d , v i a c a p i l l a r i t y , i n 
the r i s i n g of the ground water t a b l e t o the s o i l s u r f a ce, 
causing a heavy s a l t c o n c e n t r a t i o n i n the upper s o i l . 
- On a farm i n South East of Spain using surface i r r i g a t i o n , 
the amount of water d e l i v e r e d by a deep w e l l , was o f t e n 
i n s u f f i c i e n t a few weeks before harvest time. This was 
because of the w e l l ' s l i m i t e d capacity. Consequently, 
n e a r l y every t h i r d harvest was l o s t , although the t o t a l 
water capacity a v a i l a b l e over the i r r i g a t i o n p e riod 
would have been s u f f i c i e n t ; had a more e f f e c t i v e method, 
e.g. pressure i r r i g a t i o n , be used. 
- The l e v e l l i n g costs on moderate to steep slopes are, 
even when machinery i s used, extremly h i g h . I t can be 
noted, t h a t were l e v e l l i n g not necessary, t h a t t h i s 
expenditure would have covered the cost of the e n t i r e 
i n s t a l l a t i o n of the i r r i g a t i o n system, e.g. i n Khuzistan, 
I r a n , the estimated costs f o r land l e v e l l i n g and land 
-78-
p r e p a r a t i o n f o r surface i r r i g a t i o n were c a l c u l a t e d by 
500 t o 600 U.S. $/ha. I n r e a l i t y , those costs rose by 
some 100$ to about 1.200 U.S. $/ha. 5' 1 
3-1 CLIMATIC CONDITIONS 
The expression ' c l i m a t e ' stands f o r the 
me t e o r o l o g i c a l c o n d i t i o n s , c o n s i s t i n g of the main f a c t o r s 
of p r e c i p i t a t i o n , temperature of the a i r and earth's 
s u r f a c e , a i r humidity and evaporation, hours of sunshine 
and r a d i a t i o n of sun and sky, wind d i r e c t i o n and v e l o c i t y 
and f r o s t incidence over a given area w i t h i n a s p e c i f i e d 
period of time. The c l i m a t i c c o n d i t i o n s on small areas of 
the earth's surface, f o r example i n a crop f i e l d , i s c a l l e d 
m i c r o - c l i m a t e . The c l i m a t e over a very l a r g e area, such as 
desert or ocean, i s c a l l e d macro-climate. 
I r r i g a t i o n i s e s s e n t i a l i n a r i d climates which are 
ch a r a c t e r i z e d by very low p r e c i p i t a t i o n and hi g h r a t e s of 
p o t e n t i a l evaporation. 
Due t o lack of s u f f i c i e n t moisture, a g r i c u l t u r e 
w i t h o u t i r r i g a t i o n i s not p o s s i b l e . I n semi-arid areas, 
by d e f i n i t i o n , crops can be grown without i r r i g a t i o n but 
i r r i g a t i o n f a c i l i t i e s may be necessary to r i s e b e t t e r 
crops or y i e l d s . 
The macro-climate c o n s i s t s of e x i s t i n g m e t e o r o l o g i c a l 
c o n d i t i o n s and t h e i r change or r e c t i f i c a t i o n i s not 
p o s s i b l e . However, by i r r i g a t i n g , m i c r o - c l i m a t i c changes 
are induced, and the f o l l o w i n g r e l a t i o n s h i p s between the 
cli m a t e f a c t o r s , i r r i g a t i o n methods a p p l i e d , and crop 
responses may be observed: 
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P r e c i p i t a t i o n 
This c l i m a t i c f a c t o r can be a r t i f i c i a l l y s u b s t i t u t e d or 
supplemented i n order t o r e c t i f y the growing c o n d i t i o n s 
of the p l a n t s . P r e c i p i t a t i o n represents the sole c l i m a t i c 
f a c t o r which can be a r t i f i c i a l l y replaced under f i e l d 
c o n d i t i o n s . 
Temperature of the a i r and earth's surface 
When the e n t i r e e a r t h surface of the f i e l d i s i r r i g a t e d , 
the temperature of the a i r and earth's surface becomes 
lower than the dry area. This i s due t o l o s s of heat 
energy through evaporation. Even using i r r i g a t i o n water 
w i t h a moderately lower temperature than t h a t of the 
earth's s u r f a c e , an adverse e f f e c t to p l a n t growth can be 
caused. This i s p a r t i c u l a r l y marked i n overhead i r r i g a t i o n 
where the water causes cold shocks which depress growth. 
However, w i t h very h i g h surface temperature c o n d i t i o n s 
even i f r e l a t i v e l y c o o l water i s used, f a v o u r a b l e growth 
e f f e c t s are achieved. This i s due t o temperature 
r e g u l a t i o n i n the r o o t zone. 
I n d r i p or subsurface i r r i g a t i o n , the temperature 
of the i r r i g a t i o n water i s adapted t o the environmental 
temperature because the water has t o move s l o w l y by 
c a p i l l a r i t y through a pipe system from the s u b s o i l t o 
the r o o t zone. With c o l d s e n s i t i v e crops u s i n g surface 
or s p r i n k l e r i r r i g a t i o n , the temperature of the water 
should be adapted t o the a i r temperature by exposing 
i t i n a storage basin t o the sun. 
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A i r humidity and evaporation 
Changes i n the p l a n t environment, m i c r o - c l i m a t e , by 
r a i s i n g h u m i d i t y i n the s o i l and i n the surrounding a i r 
an increase i n fungus diseases and i n s e c t problems may 
r e s u l t . The amount of evaporation loss (the passage of 
water from the l i q u i d and s o l i d phase t o the vapour 
phase) depends on the s a t u r a t i o n pressure of the a i r 
as w e l l as on the extent of the wetted s o i l s urface. 
Evaporation losses by surface and s p r i n k l e r i r r i g a t i o n 
are t h e r e f o r e much higher than by d r i p or subsurface 
i r r i g a t i o n where only small spots of the s o i l surface 
are wetted. 
Hours of sunshine and r a d i a t i o n of sun and sky 
These are important as data f o r the t h e o r e t i c a l c a l c u l a t i o n s 
of the crop water requirements. Day l e n g t h responding 
p l a n t s are p a r t i c u l a r l y s t r o n g l y a f f e c t e d by temperature 
since they are species which are n a t u r a l l y s u b ject t o 
f a i r l y wide day l e n g t h v a r i a t i o n s . S u b t r o p i c a l and 
t r o p i c a l p l a n t species are less s e n s i t i v e . Nevertheless, 
t o get an optimal use of the r a d i a t i o n , the row d i r e c t i o n 
of the p l a n t s i s normally s i t u a t e d t o face the main sun 
r a d i a t i o n d i r e c t i o n , t h i s can a f f e c t and be a f f e c t e d by 
i r r i g a t i o n l a y o u t . 
Wind d i r e c t i o n and v e l o c i t y 
Wind represents a p h y s i c a l f o r c e which can produce s o i l 
erosions and p h y s i c a l damages to the crops. Wind 
p r o t e c t i o n measures, u s u a l l y l i v i n g fences of t r e e s , are 
extremely common i n s u b t r o p i c a l areas. I n c u l t i v a t i o n s 
where the s o i l surface has t o be kept uncovered, to 
avoid water losses by evapo- t r a n s p i r a t i o n , wind erosion 
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v e r y o f t e n r e p r e s e n t s a s e r i o u s problem. The row 
d i r e c t i o n o f t r e e s a r e n o r m a l l y p a r a l l e l t o the main 
wind d i r e c t i o n t o p r e v e n t wind damage. Wind can a l s o 
i n c r e a s e t h e r a t e o f e v a p o - t r a n s p i r a t i o n . The t r a n s p i r a t i o n 
peak r a t e s can r e a c h a c r i t i c a l s t r e s s p o i n t d u r i n g 
p e r i o d s o f h i g h wind and r a d i a t i o n i n t e n s i t y . 
Hence, i n most p l a n t a t i o n s t h e r e must be a compromise 
between t h e d i r e c t i v e e f f e c t s o f wind and sun d i r e c t i o n , 
as w e l l as i r r i g a t i o n l a y o u t . 
F r o s t 
N i g h t f r o s t damages t o crops may occur d u r i n g g r o w i n g 
seasons i n a l l b u t l o w - l a t i t u d e l o w l a n d . I t i s 
c h a r a c t e r i z e d m e t e o r l o g i c a l l y by calm weather and c l e a r 
s k y . The r e - r a d i a t i o n i n t o Outer Space has t o be 
c o n s i d e r a b l y h i g h e r t h a n t h e r e t u r n r a d i a t i o n t o t h e 
e a r t h ' s s u r f a c e . The a i r c l o s e t o t h e ground w i l l be 
c o o l e d by c o n d u c t i o n t o t e m p e r a t u r e s f r e q u e n t l y below 
z e r o °C. Low l y i n g a reas i n h i l l y r e g i o n s a r e p a r t i c u l a r l y 
v u l n e r a b l e t o c o l d a i r p o o l i n g . 
P r o t e c t i o n a g a i n s t n i g h t f r o s t damage can be p r o v i d e d 
by s p r i n k l e r i r r i g a t i o n . The w a t e r d r o p s i n t h e i r t r a j e c t o r y 
t h r o u g h t h e a i r s e t t l e on t h e ground s u r f a c e and t h e l e a v e s . 
The d r o p w i l l t r a n s m i t heat t o t h e s u r r o u n d i n g c o l d a i r , 
and t h e h u m i d i t y w i l l i n c r e a s e t h e d r y c o l d a i r , t h u s 
c h a n g i n g t h e m i c r o - c l i m a t e near t h e ground. The w a t e r on 
t h e c o l d ground s u r f a c e and l e a v e s w i l l t h e n f r e e z e and 
r e l e a s e h e a t so t h a t t h e t e m p e r a t u r e o f t h e l e a v e s may 
s t a y around 0 °C. 
However, s u r f a c e i r r i g a t i o n has a l s o a m i t i g a t i n g 
e f f e c t a g a i n s t n i g h t f r o s t damage. I f t h e s o i l s u r f a c e i s 
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wet, d i s t i l l a t i o n ( e v a p o r a t i o n o f m o i s t u r e f r o m warm 
areas and i t s c o n d e n s a t i o n on c o o l a r e a s ) , can occur 
f r e e l y p as mentioned above i n s p r i n k l e r i r r i g a t i o n . 
These two processes can p r o v i d e adequate energy and 
m a i n t a i n a s u f f i c i e n t l y h i g h t e m p e r a t u r e on p l a n t 
s u r f a c e s . 
Table 3-1 s c h e m a t i c a l l y shows t h e p o s s i b i l i t i e s f o r 
and i n t e n s i t i e s t o w h i c h t h e d i f f e r e n t c l i m a t i c c o n d i t i o n s 
i n a h y p o t h e t i c a l a r i d r e g i o n can be r e c t i f i e d t h r o u g h 
d i f f e r e n t i r r i g a t i o n methods i n terms o f i m p r o v i n g t h e 
g r o w i n g c o n d i t i o n s . The n e g a t i v e s i d e - e f f e c t o f i r r i g a t i o n 
under open a i r c o n d i t i o n s and i n greenhouses i s a l s o shown. 
I t can be observed t h a t t h e c l i m a t e f a c t o r 
' p r e c i p i t a t i o n * can be improved by a l l i r r i g a t i o n methods, 
except by s u b s u r f a c e i r r i g a t i o n , where t h e upper s o i l 
l a y e r v e r y o f t e n cannot be s u f f i c i e n t l y w e t t e d (see 
C h apter 1.3). M a i n l y i n greenhouses, b u t a l s o under open 
a i r c o n d i t i o n s , s u r f a c e f l o o d i n g and s p r i n k l e r i r r i g a t i o n 
have u n f a v o u r a b l e s i d e - e f f e c t s i n terms o f r a i s i n g t h e 
a i r h u m i d i t y and e v a p o r a t i o n . These e f f e c t s a r e caused by 
w e t t i n g t h e whole or l a r g e p a r t s o f t h e e a r t h ' s s u r f a c e , 
i n c l u d i n g t h e p l a n t s , where s p r i n k l e r i r r i g a t i o n i s used. 
T h e r e f o r e , i n greenhouses an i r r i g a t i o n system s h o u l d be 
used, which keeps t h e e a r t h ' s s u r f a c e as w e l l as t h e p l a n t ' s 
s u r f a c e d r y . T h i s d r y e n v i r o n m e n t a l c o n d i t i o n can be reached 
by the use o f s u b s u r f a c e and d r i p i r r i g a t i o n . 
As s t a t e d i n Chapter 1, h i g h a i r m o i s t u r e c o n t e n t 
can cause i n p l a n t s , d i s e a s e s , s u c h as fungus a t t a c k s . A 
soaked s o i l s u r f a c e can cause h i g h water l o s s e s by 
e v a p o r a t i o n . 
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3.2 WATER QUANTITY AND QUALITY 
Water f o r i r r i g a t i o n can be o b t a i n e d from 
s u r f a c e r u n - o f f as r i v e r o r s p r i n g water and/or by 
the r a i s i n g o f g r o u n d - w a t e r . I n h i l l y t e r r a i n d i r e c t 
r u n - o f f f r o m p r e c i p i t a t i o n can be conveyed t o i r r i g a t e 
f i e l d s , r u n - o f f i r r i g a t i o n . I n the f u t u r e a p o t e n t i a l 
source o f wa t e r m i g h t be t h e d e s a l i n i z a t i o n o f b r a c k i s h 
or seawater. 
The q u a n t i t y o f s u r f a c e water and ground-water 
depends on t h e amount o f t h e p r e c i p i t a t i o n ( i n t a k e r a t i o ) 
on t h e c o r r e s p o n d i n g catchment a r e a . T h e r e f o r e , t h e water 
q u a n t i t y o f t e n v a r i e s f r o m year t o ye a r i n r e l a t i o n t o t h e 
i n t e n s i t y o f t h e p r e c i p i t a t i o n . For d e v e l o p i n g a new 
i r r i g a t i o n a r e a , one o f t h e f i r s t s t e p s c o n s i s t s i n 
d e t e r m i n i n g t h e amount o f wa t e r a v a i l a b l e . I f t h i s d a t a 
i s o b t a i n e d , t h e t h e o r e t i c a l c r o p water r e q u i r e m e n t can be 
c a l c u l a t e d by f o r m u l a or by u s i n g d a t a o f r e a l w a t er 
c o nsumption i n s i m i l a r a r e a s . 
The p o s s i b l e e x t e n s i o n of t h e ar e a t o be i r r i g a t e d 
depends on t h e amount o f water a v a i l a b l e . Water l o s s e s 
t h r o u g h p e r c o l a t i o n i n s t o r a g e b a s i n s , c a n a l s and on 
the i r r i g a t e d f i e l d as w e l l as e v a p o r a t i o n reduces t h e 
e x t e n t o f t h e a r e a t o be i r r i g a t e d . For example, i f 
water l o s s e s can be c u t f r o m 50% t o 20% t h r o u g h b e t t e r 
management or by a l t e r a t i n g t h e i r r i g a t i o n method, 10 ha 
i r r i g a t e d l a n d c o u l d be extended by as much as 6 ha 
or 60%. 
-85-
The e x p r e s s i o n 'water q u a l i t y ' stands f i r s t l y f o r 
t h e amount and k i n d o f d i s s o l v e d m i n e r a l s i n t h e w a t e r and 
se c o n d l y f o r t h e amount o f suspended s o l i d s . The w a t e r 
q u a l i t y f o r i r r i g a t i o n w a t e r based on t h e amount and k i n d 
o f d i s s o l v e d m i n e r a l s ( c h e m i c a l i m p u r i t i e s ) i s c l o s e l y 
r e l a t e d t o t h e d i f f e r e n t c r o p response and s e n s i t i v i t y o f 
the p l a n t s t o these m i n e r a l s as w e l l as t o t h e c h e m i c a l 
r e a c t i o n s w i t h t h e m i n e r a l s o r c o l l o i d s i n t h e s o i ' l . 
The t o t a l d i s s o l v e d m i n e r a l s a r e sometimes expressed 
i n p a r t s per m i l l i o n (p.p.m. = mg/l~ ) . More common i s t h e 
measurement by e l e c t r i c a l c o n d u c t i v i t y i n micromhos per 
cm a t 25 °C. 
The U.S. Department o f A g r i c u l t u r e c l a s s i f i e d t h e 
i r r i g a t i o n w a t e r , m o d i f i e d by Thorne and Peterson,1954, 
as f o l l o w s : (Source r e f . 3.2) 
low s a l i n i t y 
moderate s a l i n i t y 
medium s a l i n i t y 
h i g h s a l i n i t y 
v e r y h i g h s a l i n i t y 
250 micromhos/cm a t 25 °C 
250 - 750 
750 - 2,250 
= 2,250 - 4,000 
= 4,000 - 6,000 
ex c e s s i v e l y h i g h s a l i n i t y = ^> 6,000 
S a l t s a r e t h e most common c h e m i c a l i m p u r i t i e s w h i c h 
i n h i b i t t h e p l a n t g r o w t h . N e u t r a l s a l t s , c a r r i e d w i t h t h e 
i r r i g a t i o n w a t e r t o t h e f i e l d , a r e n o r m a l l y t r a n s p o r t e d by 
osmotic movement t o t h e upper s o i l l a y e r where t h e y c o n c e n t r a t e 
i n a s a l t c r u s t . To p r e v e n t h i g h s a l t c o n c e n t r a t i o n s i n t h e 
s o i l , t h e s a l t s have t o be d i s s o l v e d and t r a n s p o r t e d away 
f r o m t h e i r r i g a t e d f i e l d by an a p p l i c a t i o n o f e x c e s s i v e 
w a t e r , c a l l e d l e a c h i n g . The s a l t a f f e c t i n t h e s o i l w a t e r 
on t h e p l a n t s c o n s i s t s o f a r e d u c t i o n i n t h e osm o t i c p r e s s u r e 
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d i f f e r e n c e between t h e r o o t s and t h e s o i l by a l i m i t a t i o n 
of t h e water a b s o r b t i o n . F u r t h e r m o r e , an i n b a l a n c e o f i o n s 
i n t h e p l a n t may d e v e l o p , t h u s d i s t u r b i n g t h e m e t a b o l i c 
p r ocesses. The d i f f e r e n t i o n s a r e l i s t e d a c c o r d i n g t o t h e i r 
t o x i d i t y , d i m i n i s h i n g f r o m l e f t t o r i g h t : 
NaCl - G a C l 2 - KGL - MgCl 2 - KN0 3 - Mg(NO" 5) 2 - N a 2 S 0 4 - MgSO 
For p l a n t g r o w t h , t h e i m p o r t a n t f a c t o r c o n s i s t s o f 
the s a l t c o n c e n t r a t i o n i n t h e s o i l w a t e r a t t h e r o o t zone. 
T h i s c o n c e n t r a t i o n r i s e s a c c o r d i n g t o t h e w a t e r r e d u c t i o n 
i n t h e s o i l , f o r example between i r r i g a t i o n c y c l e s , up t o a 
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p l a n t t o x i c c o n c e n t r a t i o n . J Thus i d e a l l y i r r i g a t i o n 
management c o n s i s t s i n s t a b i l i s a t i o n o f t h e s o i l m o i s t u r e 
and t h e s a l t c o n c e n t r a t i o n i n t h e s o i l w a t e r by t h e 
a p p l i c a t i o n o f s m a l l amounts o f w a t e r i n v e r y f r e q u e n t 
i r r i g a t i o n c y c l e s . T h i s i s b e s t met by p r e s s u r e i r r i g a t i o n 
systems, m a i n l y d r i p i r r i g a t i o n . 
F u r t h e r a t t e n t i o n must be g i v e n t o t h e amount o f 
sodium Na + i n t h e i r r i g a t i o n w a t e r . The i n t e r c h a n g e a b i l i t y 
o f t h e c a t i o n s by t h e s o i l c o l l o i d s s h o u l d be t h e same as 
t h e i o n s i n t h e s o i l w a t e r . I f t h e sodium i o n s i n t h e wa t e r 
i n c r e a s e t h e s o i l c o l l o i d s a dsorb more o f them. T h i s 
r e s u l t s i n an a c c u m u l a t i o n o f t h e pH v a l u e ^ > 8 . 5 > a l s o 
c a l l e d a l k a l i s a t i o n . By t h i s p r o c e s s , adsorbed C a + + w i l l 
be changed a g a i n s t Na + a c c o r d i n g t o t h e f o r m u l a : 1 ' ^ 
2 Na + + Ca ( c l a y ] ^ N a [clay] Na + C a + + 
The s o i l s t r u c t u r e may be d e s t r o y e d and t h e s o i l become 
n e a r l y impermeable i n wet c o n d i t i o n s . T h i s p r o c e s s i s a l s o 
i n f l u e n c e d by t h e degree t o w h i c h t h e sodium i s i n t e r c h a n g e -
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a b l e as d e f i n e d by t h e sodium a d s o r p t i o n r a t i o (SAR) 
SAR = N a + 
V ( C a + + + M g + + ) /2 ' 
I f t h e amount of Na +, G a + + and M g + + i n m i l l i v a l per 1 
s o l u t i o n i s known, t h e SAR v a l u e can a l s o be d e t e r m i n e d 
by nomograms, w h i c h a r e p u b l i s h e d i n most o f t h e i r r i g a t i o n 
p u b l i c a t i o n s , f o r example source r e f . 3-2. 
Hence, t h e c o n t e n t o f b i c a r b o n a t e i n t h e i r r i g a t i o n 
w a t e r t e n d s , i f c a l c i u m and magnesium i s p r e s e n t , t o p r e -
c i p i t a t e o u t as c a r b o n a t e s (HCO^ may r e a c t w i t h C a + + or 
M g + + and p r e c i p i t a t e o u t as CaCO^). Thus, i n r e d u c i n g t h e 
s o l u b l e c a l c i u m and magnesium and i n r e a s i n g t h e sodium 
a d s o r p t i o n r a t i o i n t h e w a t e r , t h e SAR, v a l u e w i l l be 
l a r g e r t h a n o r i g i n a l l y d e t e r m i n e d . 
W i t h d r i p i r r i g a t i o n , b i c a r b o n a t e s p r e c i p i t a t e i n 
the e m i t t e r s as CaCO^ t h u s b l o c k i n g t h e wa t e r o u t l e t s . P r e -
v e n t i o n o f e m i t t e r b l o c k a g e s by ca r b o n a t e s can be r e a l i z e d 
by t h e i n c o r p o r a t i o n o f a d d i t i v e s l i k e n i t r i c , o r h y d r o -
c h l o r i c a c i d i n t o t h e i r r i g a t i o n w a t e r . I r o n c o n t e n t i n 
the i r r i g a t i o n w a t e r a l s o forms p r e c i p i t a t i o n s i n t h e 
e m i t t e r s r e s u l t i n g i n b l o c k a g e s . The i r o n i m p u r i t y i n t h e 
wat e r can be e l i m i n a t e d by p r e c i p i t a t i n g and f i l t e r i n g t h e 
i r o n b e f o r e e n t e r i n g t h e p i p e system by u s i n g an oxygen 
iron-remove p l a n t . P e r s o n a l t r i a l s have shown t h a t i r o n 
p r e c i p i t a t i o n s i n t h e p i p e system can a l s o be p r e v e n t e d 
i f t h e pH v a l u e o f t h e w a t e r can be b r o u g h t below pH 3 
by an a c i d i n c o r p o r a t i o n . . More t h a n 0.1 mg/l i r o n , e.g. 
i r o n b i c a r b o n a t e and/or more t h a n 200 mg/l c a r b o n a t e s 
e.g. CaO, can be c o n s i d e r e d as a moderate t o h i g h i m p u r i t y 
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c o n t e n t . 
Suspended s o l i d s i n t h e i r r i g a t i o n w a t e r such as 
a l g a e , c l a y , s i l t and sand may cause damages i n p r e s s u r e 
i r r i g a t i o n systems and wear out t h e w a t e r pumps and produce 
i n d r i p i r r i g a t i o n b l o c k a g e s o f t h e e m i t t e r . The t y p e and 
c o n c e n t r a t i o n o f t h e s o l i d s d e t e r m i n e s t h e t y p e and s i z e 
o f t h e r e q u i r e d w a t e r f i l t e r s . S o l i d s , s m a l l e r t h a n 0.002 mm 
a r e d i f f i c u l t t o f i l t e r and. r e p r e s e n t s a f a c t o r w h i c h can 
cause b l o c k a g e s o f t h e e m i t t e r s . 
3-3 TOPOGRAPHY AND SOIL 
For s u r f a c e i r r i g a t i o n systems, t h e r e q u i r e d s l o p e 
t o c o n t r o l t h e w a t e r f l o w i s between 0.2% and 8% (see 
C h a pter 1 ) . As t h e s o i l i t s e l f r e p r e s e n t s an i n t e g r a l p a r t o f 
t h e i r r i g a t i o n system, t h e s o i l s u r f a c e has t o be adapted 
t o t h e i r r i g a t i o n system t o be used. On uneven l a n d , t h e 
s o i l s u r f a c e has t o be l e v e l l e d , i n t h e two d i m e n s i o n s , 
w i d t h and h e i g h t , by e a r t h moving work. To i n t e n s i f y t h e 
sun r a d i a t i o n o r because o f s h o r t a g e o f l a n d , e a r t h 
moving o p e r a t i o n s a r e c a r r i e d out even on s t e e p h i l l s . The 
c o n s t r u c t i o n expenses f o r s u r f a c e i r r i g a t i o n methods a r e 
c l o s e l y r e l a t e d t o t h e t o p o g r a p h i c c o n d i t i o n s . These a r e 
based on t h e amount o f e a r t h o r r o c k s t o be removed. The 
d i s p l a c e m e n t o f t h e upper s o i l l a y e r by s u r f a c e l e v e l l i n g 
w i l l produce y i e l d d e p r e s s i o n s i n t h e f i r s t y e a r s u n t i l 
t h e s o i l s t r u c t u r e i s r e c o n s t r u c t e d by b i o l o g i c a l 
r e g e n e r a t i o n s . 
P r e s s u r e i r r i g a t i o n methods as t h r e e d i m e n s i o n a l 
i r r i g a t i o n systems can be adapted t o d i f f e r e n t t o p o g r a p h i c 
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c o n d i t i o n s . The i r r i g a t i o n w a t e r can be conducted u p h i l l 
by a r t i f i c i a l o v e r p r e s s u r e i n c l o s e d p i p e s ; l a n d l e v e l l i n g 
i s n o t t h e n n e c e s s a r y . On s t e e p s l o p e d l a n d , as t h e 
i n s t a l l a t i o n o f p r e s s u r e i r r i g a t i o n can be adapted t o t h e 
s o i l s u r f a c e i t i s l e s s e x p e n s i v e t h a n t h e e a r t h moving 
work f o r s u r f a c e i r r i g a t i o n . 
I f i n p r e s s u r e i r r i g a t i o n on s t e e p s l o p e s t h e earth£ 
s u r f a c e i s k e p t uncovered t h e r e w i l l be an i n c r e a s e i n 
s o i l e r o s i o n . S t r i p s o f v e g e t a t i o n such as g r a s s s h o u l d 
be p l a n t e d a l o n g t h e h i l l s i d e t o p r e v e n t e r o s i o n by heavy 
p r e c i p i t a t i o n . 
On l i g h t o r s h a l l o w s o i l s w i t h c h a r a c t e r i s t i c a l l y 
low w a t e r s t o r a g e c a p a c i t y , i r r i g a t i o n p r a c t i c e s w i t h 
f r e q u e n t i n t e r v a l s o f s m a l l amounts o f w a t e r a r e e s s e n t i a l 
t o p r e v e n t w a t e r l o s s e s by seepage and t o a v o i d s o i l d r y i n g 
between t h e i r r i g a t i o n c y c l e s . 
The r e d u c t i o n by l e a c h i n g o f t h e s a l t c o n t e n t i n 
t h e s o i l due t o p r i m a r y or secondary s a l i n a t i o n (see 
Chapter 1.4) i s n e c e s s a r y t o c o n t r o l s a l t a c c u m u l a t i o n 
w h i c h can a f f e c t c r o p g r o w t h . L e a c h i n g can be d e f i n e d as 
a heavy o v e r i r r i g a t i o n so t h a t t h e w a t e r , e n r i c h e d by 
s o l u b l e s a l t s , p e r c o l a t e s and l e a v e s t h e i r r i g a t e d p l o t 
by n a t u r a l o r a r t i f i c i a l d r a i n a g e f a c i l i t i e s . Because 
o f t h e r e l a t i v e l y l a r g e amount o f w a t e r r e q u i r e d , 
l e a c h i n g s h o u l d be c a r r i e d o u t d u r i n g t h e season or 
seasons o f l o w e s t p l a n t - w a t e r demand. 
L e a c h i n g e f f i c i e n c y depends on t h e q u a n t i t y and 
q u a l i t y o f w a t e r p e r c o l a t i n g t h r o u g h t h e s o i l , pore 
s i z e s i n t h e s o i l , t h i c k n e s s o f t h e s o i l l a y e r , s o i l 
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m o i s t u r e and t h e v e r t i c a l s a l t d i s t r i b u t i o n t h r o u g h t h e 
s o i l l a y e r . 
W i t h d r i p i r r i g a t i o n , t h e amount o f w a t e r w h i c h can 
be d e l i v e r e d per u n i t o f t i m e i s n o t s u f f i c i e n t t o cover 
t h e s o i l s u r f a c e as would be r e q u i r e d f o r l e a c h i n g . As 
t h e s a l t s a r e accumulated i n t h e t r a n s i t i o n zone f r o m t h e 
s o i l w e t t e d by t h e e m i t t e r s t o t h e d r y p a r t o f t h e s o i l , 
a c o n t i n u o u s s u r f a c e w a t e r i n g over a p e r i o d o f few days 
w i l l n o r m a l l y be s u f f i c i e n t f o r d i s s o l v i n g and l e a c h i n g 
t h e s e s a l t s . 
Care has a l s o t o be t a k e n f o r t h e e f f e c t o f p r e -
c i p i t a t i o n d u r i n g g r o w t h p e r i o d . Water d e r i v e d f r o m p r e -
c i p i t a t i o n d i s t r i b u t e s t h e s a l t s f r o m t h e t r a n s i t i o n zone 
around t h e e m i t t e r i n t o t h e r o o t zone o f t h e p l a n t s w i t h 
r e s u l t a n t s a l i n i s a t i o n . T h i s e f f e c t can o n l y be a v o i d e d 
by ( as a b s u r d as i t may seem ) , i r r i g a t i n g d u r i n g t h e 
t i m e o f p r e c i p i t a t i o n . 
I n t h e case o f s u b s u r f a c e i r r i g a t i o n , l e a c h i n g 
has t o be a r r a n g e d e i t h e r by s u r f a c e o v e r f l o o d i n g or by 
s p r i n k l e r i r r i g a t i o n . 
On s a l i n e - s o d i c s o i l s w h i c h c o n t a i n a l a r g e amount 
o f exchangeable sodium w i t h a low amount o f c a l c i u m , t h e 
l e a c h i n g process promotes an a l k a l i s a t i o n by washing away 
t h e s o l u b l e components (see Chapter 3 - 2 ) . To a v o i d such a 
s o i l d e g r a d a t i o n a s s o c i a t e d w i t h a c o l l a p s e o f t h e s o i l 
s t r u c t u r e , a d i s t r i b u t i o n o f s u l p h u r o u s compounds, gypsum 
(CaSO^) or l i m e s t o n e (CaCO^) i s r e q u i r e d . T h i s r e s t o r e s 
t h e s o i l s t r u c t u r e o r p r e v e n t s s t r u c t u r a l d e t e r i o r a t i o n 
i n p a r a l l e l w i t h l e a c h i n g . 
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I t can be s t a t e d t h a t s o i l s a l i n i t y r e p r e s e n t s 
t h e most c r i t i c a l f a c t o r f o r i r r i g a t e d p l a n t g r o w t h . I n 
p a r t i c u l a r t h e exchangeable sodium l e v e l d e t e r m i n e s t h e 
p o s s i b l e d e c l i n e o f s o i l s t r u c t u r e . 
T a ble 3.2 shows t h e i n t e r r e l a t i o n s h i p between 
d i f f e r e n t s a l i n e s o i l s as w e l l as s p e c i f i c measures f o r 
t h e i r r e c l a m a t i o n . 
F i g u r e 3«1 shows t h e i n t e r d e p e n d a n c e o f t o p o g r a p h i c 
and s o i l c o n d i t i o n s f o r t h e d e s i g n o f d i f f e r e n t i r r i g a t i o n 
systems as w e l l as t h e r e l e v a n t r e s t r i c t i v e f a c t o r s . I t 
i l l u s t r a t e s t h a t s u r f a c e f l o o d i n g i r r i g a t i o n methods a r e 
s t r o n g l y a f f e c t e d i n t h e i r l a y o u t ( w i d t h and l e n g t h o f 
t h e i r r i g a t e d p l o t s ) by t o p o g r a p h i c and s o i l c o n d i t i o n s . 
I n t o p o g r a p h y , a t r a n s v e r s s l o p e i s n o t c o n s i d e r e d b u t has 
t o be t a k e n i n t o a c c o u n t assuming an even g r a d i e n t as 
i l l u s t r a t e d . By p r e s s u r e i r r i g a t i o n , d i f f e r e n t s o i l and 
t o p o g r a p h i c c o n d i t i o n s do n o t r e p r e s e n t r e s t r i c t i v e f a c t o r s 
i n terms o f t h e l a y o u t o f t h o s e systems. However, t h e s e 
i r r i g a t i o n systems have t o be adapted t o t o p o g r a p h y by 
p r e s s u r e c o n t r o l d e v i c e s as w e l l as t o t h e t r a n s m i s s a b i l i t y 
i n t h e s o i l , e.g. i n d r i p i r r i g a t i o n , w a t e r o u t f l o w q u a n t i t y 
per u n i t o f t i m e by t h e e m i t t e r so t h a t t h e f o r m a t i o n o f 
w a t e r puddles i s a v o i d e d . 
S u b s u r f a c e i r r i g a t i o n has t o be c o n s i d e r e d , as one 
can see i n Chapter 1.3, as a m o d i f i e d g r a v i t y system o f 
s u r f a c e i r r i g a t i o n or as a s u b s u r f a c e use o f a p r e s s u r e 
system. As a b u r i e d p r e s s u r e system i t can be subsumed 
under t h e b u r i e d d r i p i r r i g a t i o n system. S u b s u r f a c e 
i r r i g a t i o n systems a r e now v e r y r a r e l y i n s t a l l e d and 
t h e r e f o r e , t h e y a r e n o t c o n s i d e r e d s e p e r a t e l y i n t h i s t h e s i s . 
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Table 3*2 : I n t e r - r e l a t i o n s h i p between d i f f e r e n t s a l i n e s o i l s 
and t he p o s s i b i l i t i e s o f t h e i r r e c l a m a t i o n . 
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pH below 8.5 
s o i l s t r u c t u r e i s n o t 
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A l k a l i s a t i o n 
by d e s t r o y i n g t h e 
s o i l s t r u c t u r e 
t h r o u g h a replacement 
o f exchangeable 
Ca-ions by Na—ions 
SALINE-SODIC SOILS 
a f f e c t i n g c r o p g r o w t h 
i f 
EC e h i g h e r t h a n 
4 mmhos/cm a t 25 °C 
ESP h i g h e r t h a n 15 
pH seldom h i g h e r t h a n 8.5 
s o i l s t r u c t u r e u s u a l l y 
f a i r 
by l e a c h i n g , s o i l may 
become s t r o n g l y a l k a l i n e ; 
p e r m e a b i l i t y w i l l d i m i n i s h 
markedly 
R E C L A M A T I O N 
l e a c h i n g combined w i t h 
t h e a d d i t i o n o f s u l p h u r , 
gypsum o r l i m e s t o n e 
EC e = e l e c t r i -
c a l c o n d u c t i -
v i t y o f t h e 
s o i l s a t u r a -
t i o n e x t r a c t 




p_H=log o f the 
r e c i p r o c a l o f 
the gram 
i o n i c h y d r o -
gen e q u i v a -
l e n t s p e r 1 
NON-SALINE SODIC SOILS 
crop growth i s impeded i f 
- EC e l o w e r t h a n 4 mmhos/cm 
a t 25 °C 
- ESP h i g h e r t h a n 15 
- pH between 8 . 5 and 10 (on 
l i m e f r e e s o i l s l o w e r t h a n 6 ) 
R E C L A M A T I O N 
- chem i c a l s ( s u l p h u r , gypsum, 
l i m e s t o n e ) have t o be mixed 
i n t o t h e s o i l . 
- h a v i n g r e p l a c e d t h e sodium 
by t h i s measure, sodium 
must be removed from t h e 
f i e l d by l e a c h i n g . 
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Figure 3.1- The interdependence of topographic and soil conditions 
with field irrigation systems and their design. 
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3 . 4 WATER REQUIREMENT OP PLANTS 
The q u e s t i o n 'how much water does t h e p l a n t need 
f o r o p t i m a l g r o w t h ' can be i n t e r p r e t e d as f o l l o w s : 
i Development o f w a t e r r e s o u r c e s or 
how many h e c t a r e s o f a c e r t a i n c r o p can be i r r i g a t e d 
w i t h t h e q u a n t i t y o f wa t e r a v a i l a b l e ? 
i i Amount o f w a t e r necessary a t f a r m l e v e l d u r i n g .the 
p e r i o d o f maximum p l a n t w a t e r r e q u i r e m e n t ; 
i i i I r r i g a t i o n p r a c t i c e s o r 
when and how much t o i r r i g a t e ? 
( i ) D i f f e r e n t c a l c u l a t i o n methods based on e m p i r i c a l 
d a t a o f e n v i r o n m e n t a l c o n d i t i o n s a r e used t o d e t e r m i n e t h e 
t h e o r e t i c a l w a t e r r e q u i r e m e n t o f d i f f e r e n t c r o p s under 
d i f f e r e n t c l i m a t i c c o n d i t i o n s . The c r o p w a t e r r e q u i r e m e n t i s 
i n f l u e n c e d by c l i m a t e , c r o p c h a r a c t e r i s t i c s , l o c a l c o n d i t i o n s 
and a g r i c u l t u r a l p r a c t i c e s . 
The e f f e c t o f c l i m a t e i s based on t h e w a t e r l o s s e s 
t h r o u g h e v a p o - t r a n s p i r a t i o n a f f e c t e d m a i n l y by t h e f a c t o r s : -
- t e m p e r a t u r e 
- w i n d 
- a i r h u m i d i t y 
- sunshine and r a d i a t i o n . 
The e f f e c t o f c r o p c h a r a c t e r i s t i c s on c r o p w a t e r 
r e q u i r e m e n t i s i n f l u e n c e d by t h e i r s p e c i f i c r e s i s t a n c e t o 
t r a n s p i r a t i o n , s t a g e o f g r o w t h and l e n g t h o f g r o w i n g season. 
These c o n d i t i o n s a r e expressed as c r o p c o - e f f i c i e n t s . 
The r e f e r e n c e c r o p on w h i c h e v a p o - t r a n s p i r a t i o n under 
d i f f e r e n t c l i m a t i c c o n d i t i o n s i s based, can be d e f i n e d 
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as a green g r a s s , 8 cm t o 15 cm t a l l , a c t i v e l y g r o w i n g , 
no shortage o f water and p r o v i d i n g complete ground cover. 
F i g u r e 3«2 shows t h e c r o p e v a p o - t r a n s p i r a t i o n (ETcrop) as 
compared t o r e f e r e n c e crop e v a p o - t r a n s p i r a t i o n (ETo) 
Fig u r e 5 . 2 : ETcrop as compared t o ETo 
( A f t e r r e f . J.*0 
E-Tcro ^ >1.0 grass 
cotton ETerop 1 .0 ETo tomato 
14 
>» 12 a! 
? 10 
c i t r u s 8 
p i n e a p p l e 
agave o 
i r i 0 2 4 6 8 10 12 14 ET(grass) mm/day 
L o c a l c o n d i t i o n s e f f e c t the crop water requirement 
by v a r i a t i o n s i n c l i m a t e over a p e r i o d o f t i m e , q u a l i t y 
o f i r r i g a t i o n w a t e r , water a v a i l a b i l i t y i n t h e s o i l , s o i l 
s t r u c t u r e and s o i l t e x t u r e . 
The main e f f e c t s o f a g r i c u l t u r a l p r a c t i c e s on crop 
w a t e r r e q u i r e m e n t a r e , t h e method of i r r i g a t i o n , c u l t i v a -
t i o n methods such as space o f p l a n t i n g , groundcover and 
s i z e o f t h e f i e l d s . 
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The main methods of p r e d i c t i n g t he c r o p water r e q u i r e m e n t a r e 
- T h o r n t h w a i t e Method 
c o n s i s t i n g o f an e m p i r i c a l f o r m u l a f o r t h e e s t i m a t i o n 
o f p o t e n t i a l e v a p o r a t i o n , "based on t e m p e r a t u r e . 
- Blaney - C r i d d l e Method 
T h i s method i s suggested f o r areas f o r w h i c h o n l y t h e 
d a t a o f a i r t e m p e r a t u r e and day l e n g t h i s a v a i l a b l e . 
- O l i v i e r ' s Method 
For t h e u t i l i z a t i o n o f t h i s method, d a t a o f t e m p e r a t u r e , 
a i r h u m i d i t y and wind must be a v a i l a b l e . 
- R a d i a t i o n Method 
T h i s method can be used f o r areas where c l i m a t i c d a t a 
o f a i r t e m p e r a t u r e , d u r a t i o n o f s u n s h i n e , c l o u d i n e s s 
or r a d i a t i o n a r e a v a i l a b l e . 
- Penman Method 
T h i s method may be used i f d a t a o f t e m p e r a t u r e , a i r 
h u m i d i t y , wind and d u r a t i o n o f sunshine or r a d i a t i o n 
a r e a v a i l a b l e . 
- Pan E v a p o r a t i o n Method 
E v a p o r a t i o n pans p r o v i d e a measurement o f e v a p o r a t i o n 
f r o m a s p e c i f i c open water s u r f a c e . T h i s measurement 
i n t e g r a t e s t h e e f f e c t o f r a d i a t i o n , wind t e m p e r a t u r e 
and a i r h u m i d i t y . 
D e t a i l e d d e s c r i p t i o n s o f t h e methods and g u i d e l i n e s 
p r e s e n t e d above a r e p u b l i s h e d i n most o f t h e l i t e r a t u r e o f 
i r r i g a t i o n ( f o r example Sources r e f . : 1 . 5 » 3«4, 3 » 5 ) . The 
p o s s i b l e e r r o r s when u s i n g t h e s e methods under d i f f e r e n t 
c l i m a t i c and agronomic c o n d i t i o n s f r o m those f o r w h i c h 
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they were o r i g i n a l l y developed, range from 10$ to 25$« 
Table 3«3 shows d i f f e r e n t data, r e q u i r e d f o r 
c a l c u l a t i n g the t h e o r e t i c a l water demand of crops using 
the d i f f e r e n t c a l c u l a t i o n methods. The methods developed 
by Thornthwaite and Blaney-Criddle, r e q u i r e s less data 
than developed by O l i v i e r and Penman or by the R a d i a t i o n 
method. The Thornthwaite and Blaney-Criddle methods can 
t h e r e f o r e be u t i l i z e d t o give a t h e o r e t i c a l overview of 
the water demand of crops i n these regions where only data 
of temperature and day l e n g t h are a v a i l a b l e . Pan evaporation 
measurements have to be recorded i n s i t u ; the measured data 
of evaporation have t o be adapted t o the s p e c i f i c crop 
water demand by using conversion f a c t o r s , 
( i i ) For the p l a n t , d i f f e r e n t amounts of water are 
r e q u i r e d a t d i f f e r e n t stages of i t s growth, and also because 
of the d i f f e r e n t environmental c o n d i t i o n s . Water consumption 
increases g r a d u a l l y w i t h the temperature, wind, sunshine, 
r a d i a t i o n i n t e n s i t y and the development of the plant growth 
stages. 
Many i r r i g a t i o n schemes have been designed on the 
basis of an assumed water duty i n terms of the number of 
hectares which can be i r r i g a t e d by an u n i t volume of water 
d u r i n g the year. Hence, water shortage may be observed on 
many i r r i g a t e d areas d u r i n g the ma t u r a t i o n stage of the 
crops which consequently reduces the y i e l d s . Therefore, the 
estimated water consumption per ha must also be c a l c u l a t e d 
on the basis of the hig h e s t water requirement per u n i t of 
time, e.g. August i n m i d - l a t i t u d e n o r t h e r n hemisphere, and 
the amount of water a v a i l a b l e d u r i n g t h i s c r i t i c a l p e r i o d . 
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( i i i ) I r r i g a t i o n p r a c t i c e must be made as e f f i c i e n t as 
p o s s i b l e . This means r e t a i n i n g s o i l moisture by r e g u l a t i n g 
the i r r i g a t i o n i n t e r v a l s as w e l l as the corresponding amounts 
of i r r i g a t i o n water, according to optimal c o n d i t i o n s f o r 
the p l a n t ' s s p e c i f i c water requirement. The r e s u l t s of 
t h e o r e t i c a l c a l c u l a t i o n s of p l a n t water requirement can be 
u t i l i z e d as a g u i d e l i n e t o the amount of water r e q u i r e d by 
the p l a n t d u r i n g a c e r t a i n p e riod of time. This data can 
be used f o r i r r i g a t i o n methods which do not a l l o w p r e c i s e 
c o n t r o l of i r r i g a t i o n water needs i n s p e c i f i c d e t a i l e d 
c o n d i t i o n s . With surface i r r i g a t i o n p r a c t i c e s l i k e f u r r o w , 
b a s i n , border or c o r r u g a t i o n i r r i g a t i o n , a minimum amount 
of water i s always r e q u i r e d i n order to keep the water 
moving from the water i n t a k e t o the end of the f i e l d . 
With pressure i r r i g a t i o n systems ( s p r i n k l e r or d r i p 
i r r i g a t i o n ) , the conduction of small amounts of water t o 
the p l a n t i s p o s s i b l e . However, mainly w i t h d r i p i r r i g a t i o n , 
where the s o i l moisture i s l i m i t e d t o small wetted areas 
produced by the e m i t t e r s , the d e t e r m i n a t i o n of the optimum 
water, e.g. moisture content i n the s o i l , i s not poss i b l e 
w i t h o u t m i c r o - i n s t r u m e n t a t i o n . Given the p o s s i b i l i t y of 
adding a precise amount of water by having the technology 
f o r absolute c o n t r o l of the i r r i g a t i o n water, a p p l i c a t i o n 
to the p l a n t through permanent wa t e r i n g , the e s s e n t i a l 
problem i s t o know the a c t u a l moisture c o n d i t i o n s i n the 
s o i l around the p l a n t r o o t s . W ith s o p h i s t i c a t e d technology 
f o r precise water a p p l i c a t i o n the f o l l o w i n g devices f o r 
measuring of the a c t u a l s o i l moisture to determine the 
q u a n t i t y of i r r i g a t i o n water and the i r r i g a t i o n cycles 
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re used by l a b o r a t o r i e s or a t farm l e v e l . 
S o i l moisture d e t e r m i n a t i o n : 
Pan evaporation 
As s t a t e d e a r l i e r , pan evaporation may be used t o p r e d i c t 
the crop water requirement. However, to determine the 
c o r r e l a t i o n between evaporation from crop and pan, 
experimental values c a l l e d 'crop c o - e f f i c i e n t s ' ( r a t i o of 
crop water use t o pan evaporation) have t o be used. These 
values are published i n the l i t e r a t u r e ( f o r example see 
references 1.5 and 3«4). Pan evaporation operations 
( e s t i m a t i o n of the water losses i n the s o i l by evapo-
t r a n s p i r a t i o n ) may t h e r e f o r e not only be used t o p r e d i c t 
crop water requirement f o r a t o t a l growth period but a l s o 
as an operate of determining the water q u a n t i t y per 
i r r i g a t i o n cycle as w e l l as the i r r i g a t i o n i n t e r v a l s . I t 
may also give reasonable q u a l i t y data about the amount of 
i r r i g a t i o n water which should be replaced. Pan evaporation 
operations may be used to provide reference data f o r a l l 
i r r i g a t i o n methods. However, s p e c i f i c conversion f a c t o r s 
must be adapted according t o the growing stage and type 
of crop and t o the i r r i g a t i o n method used. 
Atometer 
The atometer contains a porous surface connected t o 
u n l i m i t e d water supply from which evaporation occurs. 
This instrument may be used as standard of reference 
f o r e v a p o - t r a n s p i r a t i o n l i k e the pan evaporation method. 
Lysimeter 
The l y s i m e t e r i s a l a r g e c o n t a i n e r of s o i l , set i n a 
n a t u r a l surrounding w i t h the l e a s t p o s s i b l e d i s c o n t i n u i t y 
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between the crop on the l y s i m e t e r and the surrounding 
f i e l d . This method of measuring the components of the 
water balance i s one of the most d i r e c t ways. 
Lysimeters are constructed i n three forms: 
. 'weighing* l y s i m e t e r , where the water losses by evapo-
t r a n s p i r a t i o n are found i n weight between water 
a p p l i c a t i o n s . 
. The "non-weighing 1 l y s i m e t e r determines the s o i l 
moisture storage capacity by measuring the d i f f e r e n c e 
of the water i n t a k e and o u t f l o w . 
. 'water t a b l e 1 l y s i m e t e r , where the crop water use i s 
measured by m a i n t a i n i n g a water t a b l e a t a constant 
depth below s o i l surface. 
The weighing l y s i m e t e r can be used where a s h o r t 
term measurement of e v a p o - t r a n s p i r a t i o n i s r e q u i r e d , e.g. 
f o r m o n i t o r i n g pressure i r r i g a t i o n systems. 
The use of non-weighing or water t a b l e l y s i m e t e r s 
allows weekly measurements. They can be used t o give 
data f o r surface i r r i g a t i o n p r a c t i c e s . 
The c o n s t r u c t i o n of l y s i m e t e r s i s expensive and 
t h e i r handling and maintenance very complicated. 
Therefore, l y s i m e t e r s are mainly used f o r l a b o r a t o r y 
or research works. 
- Gravimetric a n a l y s i s 
The moisture content of the s o i l can be determined by 
weighing a s o i l sample, d r y i n g i t i n an oven a t 105 °C 
and weighing i t again. This method i s l a b o r i o u s and 
l i a b l e to e r r o r s i f non r e p r e s e n t a t i v e samples are 
taken. The use of t h i s a n a l y s i s i s mostly p r a c t i c e d by 
\ 5Fi*Tio»d y 
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l a b o r a t o r i e s . 
Tensiometer 
The instrument c o n s i s t s of a ceramic cup, a body tube, 
a vacuum gauge, and a r e s e r v o i r . Movement of moisture 
i n and out of the ceramic cup causes t e n s i o n on the 
column of water i n the tube which i s shown on the d i a l 
of the gauge. The tensiometer measures the s o i l moisture 
c o n d i t i o n and not the q u a n t i t y of the water i n the s o i l . 
Measurements from 0 t o 80 c e n t i b a r s of vacuum are 
r e l i a b l e . I f s o i l s u c t i o n exeeds 80 c e n t i b a r s , a i r 
enters through the pores of the cup i n t o the system. The 
r o o t s of the p l a n t have t o develop the same vacuum 
t e n s i o n t o absorb water as measured by the tensiometer. 
Because of t h i s f u n c t i o n , the tensiometer can also be 
defined as an ' a r t i f i c i a l r o o t ' . 
With pressure i r r i g a t i o n methods, and e s p e c i a l l y 
w i t h d r i p i r r i g a t i o n , where the s o i l around the 
e m i t t e r s should be kept wet, the tensiometer represents 
an i d e a l instrument f o r i r r i g a t i o n c o n t r o l . Equipped 
w i t h e l e c t r i c a l c o n t a c t s , the q u a n t i t y of i r r i g a t i o n 
water as w e l l as the i r r i g a t i o n i n t e r v a l s can be 
c o n t r o l l e d a u t o m a t i c a l l y . 
Porous r e s i s t a n c e block 
A porous block of gypsum, glass f i b r e or nylon i s 
moulded around a p a i r of electrodes which are connected 
t o e l e c t r i c a l leads. The moisture content of the block 
and the v a r i a t i o n s of the moisture are i n d i c a t e d by 
the e l e c t r i c a l c o n d u c t i v i t y of the l i q u i d between the 
e l e c t r o d e s . I n s t a l l e d i n the ground, there i s an 
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e q u i l i b r i u m between the moisture content i n the block 
and t h a t i n the surrounding s o i l . The range of u s e f u l 
measurement compared w i t h the tensiometer, i s from 
10 to 150 c e n t i b a r s . The c o n d u c t i v i t y between the 
electrodes i s also i n f l u e n c e d by the m i n e r a l ( s a l t ) 
content of the water. As the s a l t content or c o n c e n t r a t i o n 
increases, the s o i l water decreases through evapo-
t r a n s p i r a t i o n losses, thus measured r e s u l t s can be very 
i n a c c u r a t e . 
Porous r e s i s t a n c e blocks are very u s e f u l f o r 
measuring the s o i l m o isture, where the chemical i m p u r i t i e s 
i n the s o i l and t h e r e f o r e i r r i g a t i o n water are f a i r l y 
low. 
- N e u t r o n - s c a t t e r i n g 
With t h i s method, the c o l l i s i o n of neutrons from a 
f a s t neutron source w i t h n u c l e i of low atomic weight 
(hydrogen i n the s o i l moisture) i s measured by a 
d e t e c t o r . Because of the v a r i a t i o n of hydrogen contents 
of s a l t s i n the s o i l moisture, the instrument must be 
c a l i b r a t e d . Because of v a r i a t i o n s i n s a l t c o n c e n t r a t i o n , 
the measurement i s as inaccurate as by the d e t e r m i n a t i o n 
of c o n d u c t i v i t y i n the porous r e s i s t a n c e blocks. 
Because the equipment i s very expensive and the 
p o t e n t i a l human h e a l t h hazard, t h i s method i s almost 
e x c l u s i v e l y p r a c t i c e d by research i n s t i t u t e s . 
Table 3-A summarises the d i f f e r e n t methods of 
measurement t o determine the moisture i n the s o i l , t h e i r 
accuracy, s u i t a b i l i t y and ha n d l i n g . As shown i n the Table, 
i t can be noted t h a t a l l methods of s o i l moisture measurement 
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are e s p e c i a l l y s u i t e d f o r a l l i r r i g a t i o n methods, w i t h 
the exception of the tensiometer. As f a r as f i e l d 
i r r i g a t i o n i s concerned the value of the s o i l moisture 
represents one of the important basic data. I n order t o 
determine the amount of water to be a p p l i e d as w e l l as 
f o r the frequency of i r r i g a t i o n , the farmer should have 
f o r h i s d i s p o s a l such methods or instrument s , which are 
easy t o handle, accurate i n measurement w i t h low investment 
costs and w i t h o u t the need f o r mathematical conversions 
of the measured data. As one can see i n Table 3«4, the 
porous r e s i s t a n c e block as w e l l as the tensiometer a r e , 
even though not i d e a l , the most s u i t a b l e t o be used by 
farmers; these are f o l l o w e d by pan evaporation and 
atometer. 
The g r a v i m e t r i c a n a l y s i s , l y s i m e t e r and neutron-
s c a t t e r i n g are e s s e n t i a l l y methods, s u i t a b l e f o r h a n d l i n g 
by s p e c i a l i z e d s t a f f on l a r g e i r r i g a t i o n schemes or 
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Data f o r d i f f e r e n t water consumption by furrow* 
basin and d r i p i r r i g a t i o n i n r e l a t i o n to t h e o r e t i c a l 
water requirements, c a l c u l a t e d according to the 'Blaney-
C r i d d l e 1 formula i n the c u l t i v a t i o n of apple t r e e s , globe 
a r t i c h o k e s and i n a vineyard were obtained by the author 
i n 1973 i n Murcia, South East of Spain. The corresponding 
c l i m a t i c data are shown i n Table 2 . 2 . S o i l and water 
c h a r a c t e r i s t i c s of the t r i a l area are explained i n 
Chapter 2 .5 . The r e s u l t s of the t r i a l s are presented i n 
Figures 3«3> 3'4 and 3^5 which can be explained as f o l l o w s : 
Figure 3.3; The i r r i g a t i o n p e r i o d of globe a r t i c h o k e s i s 
l i m i t e d from J u l y t o October. The c u l t i v a t e d 
area i s kept dry t i l l J u l y . The growing season 
s t a r t s w i t h i r r i g a t i o n i n J u l y and stops d u r i n g 
the harvest time between November and January. 
Because of w i n t e r p r e c i p i t a t i o n , i r r i g a t i o n 
d u r i n g the harvest time i s not necessary. 
Figure 3-4; The period of i r r i g a t i o n ( basin) i n vineyards 
s t a r t s i n January t o produce a r e s e r v o i r of 
moisture i n the s o i l f o r f l o w e r i n g and ends i n 
September before h a r v e s t i n g . 
Figure 3 '5; Because of the h i g h s a l t s e n s i t i v i t y of apple 
t r e e s , i r r i g a t i o n by border s t r i p s , as mentioned 
before, was not p o s s i b l e as 1 1 of i r r i g a t i o n 
water contained n e a r l y 1 gram CaCl. I r r i g a t i o n 
under these c o n d i t i o n s was only p o s s i b l e by 
m a i n t a i n i n g a constant s o i l moisture by d r i p 
i r r i g a t i o n , thus s t a b i l i z i n g the s a l t concentrate 
i n the s o i l water. 
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The d r i p i r r i g a t i o n system used i n these t r i a l s 
was monitored a u t o m a t i c a l l y by tensiometers whereby the 
s o i l moisture around the e m i t t e r s never f e l l below 90% 
f i e l d c apacity at a s o i l s u c t i o n pressure of 15 t o 20 
cen t i b a r s of vacuum. 
Because of scorching of the p l a n t leaves by 
p r e c i p i t a t i o n of s a l t s by evaporation, s p r i n k l e r i r r i g a t i o n 
could not be used. Since by s p r i n k l e r i r r i g a t i o n the e n t i r e 
s o i l surface w i l l be wetted, the l e v e l of the water 
consumption can be estimated as the same or even higher 
than used by the furr o w and basi n i r r i g a t i o n method. 
Even a t t h i s stage, some p r e l i m i n a r y e v a l u a t i o n 
conclusion can be drawn alt h o u g h comparison between 
i r r i g a t i o n methods on the basis of other than water 
requirements and supply i s d e f e r r e d t o Chapter 4. F i r s t , 
the s p r i n k l e r method was d i s q u a l i f i e d under these c l i m a t i c 
and water q u a l i t y c o n d i t i o n s because of l e a f scorching. 
Secondly, since apples are a s a l t s e n s i t i v e crop, basin 
i r r i g a t i o n w i t h i t s tendency t o concentrate s u r f a c e -
s a l i n i t y had t o be avoided. T h i r d l y , the 'Blaney-Criddle' 
formula i n each case i n d i c a t e d the main water requirement 
seasonal regime. L a s t l y , i n the vineyard and w i t h the 
globe a r t i c h o k e s , d r i p i r r i g a t i o n represented a considerable 
saving of u t i l i z e d water over a l t e r n a t e methods and gave 
s i m i l a r y i e l d s . However, as we s h a l l see l a t e r , other 
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For i r r i g a t i o n , energy other than g r a v i t y i s 
re q u i r e d f o r ; 
- water l i f t i n g from 
. the ground-water t a b l e t o the earths' surface 
. any water sources i n t o canals 
. canals t o the l e v e l of the i r r i g a t e d p l o t s 
- water d i s t r i b u t i o n over the i r r i g a t e d area by 
. s p r i n k l e r i r r i g a t i o n 
. d r i p i r r i g a t i o n 
- m o n i t o r i n g of i r r i g a t i o n systems by 
. tensiometer 
. porous r e s i s t a n c e block 
. other e l e c t r i c a l devices such as e l e c t r i c sensors 
I n most cases of surface and subsurface i r r i g a t i o n , 
the i r r i g a t i o n water has t o be a r t i f i c i a l l y elevated from 
the n a t u r a l water t a b l e t o a l e v e l wherefrom the i n t a k e 
i n t o the i r r i g a t e d p l o t i s p o s s i b l e . Exceptions appear 
i f the water sources are l o c a t e d higher than the i r r i g a t e d 
areas. The water e l e v a t i o n can only be r e a l i z e d by an 
i n p u t of power, the sources of which can be c l a s s i f i e d ass 
- human power 
- animal power 
- e l e c t r i c i t y 





The use of human and animal power f o r water 
e l e v a t i o n i s common i n t r a d i t i o n a l i r r i g a t e d areas, e.g. 
i n A f r i c a and Asia on small i r r i g a t i o n extensions of 
about 3 ha per f a m i l y i n v o l v i n g a water e l e v a t i o n of 
between 2 m and 10 m i n h e i g h t . Water e l e v a t i o n s i n l a r g e 
q u a n t i t i e s and over considerable heights i s only p o s s i b l e 
w i t h the use of f u e l s or e l e c t r i c a l energy. I r r i g a t i o n 
schemes are t h e r e f o r e dependent on the a v a i l a b i l i t y of 
power sources. 
Because of the increased costs of f u e l and 
e l e c t r i c a l energy the use of water pumps d r i v e n by wind 
or sun are making a comeback. The p r a c t i c a l u t i l i z a t i o n of 
t h i s power sources i s s t i l l l i m i t e d because of the small 
outputs. 
By surface i r r i g a t i o n , the water d i s t r i b u t i o n over 
the f i e l d i s r e a l i z e d by g r a v i t y using the c h a r a c t e r i s t i c 
slope of the s o i l s u r f a c e . 
For water d i s t r i b u t i o n by pressure i r r i g a t i o n 
systems the water has t o be d e l i v e r e d through pipes by 
an overpressure of about 1 atm by d r i p i r r i g a t i o n , between 
3 t o 10 atm by s p r i n k l e r i r r i g a t i o n . I n the absence of f u e l 
or e l e c t r i c energy, except i n c o n d i t i o n s where geodetic 
g r a v i t y can be u t i l i z e d , these pressures cannot be reached 
by other power sources such as human, animal, wind or 
s o l a r power. However, as a r e s u l t of the low pressure 
requirement of 1 atm by d r i p i r r i g a t i o n and, i n r e l a t i o n 
to other i r r i g a t i o n methods, i t s high i r r i g a t i o n e f f i c i e n c y , 
d r i p i r r i g a t i o n represents the most energy economic 
i r r i g a t i o n method. 
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The m o n i t o r i n g of i r r i g a t i o n of s o i l moisture 
by, e.g. tensiometers or porous r e s i s t a n c e blocks, 
connected t o selenoid v alves, r e q u i r e s e l e c t r i c a l energy 
i n the f i e l d , but i n t h i s case, also b a t t e r i e s can be 
used. I r r i g a t i o n systems, c o n t r o l l e d by water metric 
valves u s u a l l y use the f l o w volume and the pressure 
energy of the i r r i g a t i o n water i t s e l f . Here, the requirement 
amount of water f l o w has t o be pre-selected by hand. 
Table 3° 5 shows the d i f f e r e n t main sources of 
energy and t h e i r a p p l i c a t i o n f o r i r r i g a t i o n . F u r t h e r , 
i t can be observed t h a t f o r water l i f t i n g by human and 
animal power, a q u i t e number of d i f f e r e n t t r a d i t i o n a l 
devices e x i s t . They are e x c l u s i v e l y used f o r i r r i g a t i n g 
s m a l l i n d i v i d u a l extensions of a s i z e of seldom more 
than 5 ha per f a m i l y , as has been p e r s o n a l l y observed 
i n Egypt and Morocco. I n pressure i r r i g a t i o n , the energy 
demanded f o r water l i f t i n g as w e l l as f o r producing 
overpressure f o r the water d i s t r i b u t i o n through pipe systems, 
has t o be met by f u e l or e l e c t r i c i t y . The u t i l i z a t i o n of 
the so c a l l e d renewable energies l i k e sun, wind and water 
are u n t i l now mainly i n the stages of t e c h n i c a l p r o b a t i o n 
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3.6 ECONOMIC ASPECTS 
The output of an i r r i g a t e d area c o n s i s t s i n the 
q u a n t i t y of the produced crops and t h e i r marketable 
value. This output has to be set against the d i f f e r e n t 
f a c t o r s of i n p u t as s t a t e d i n Chapter 2. As f a r as 
economic v i a b i l i t y i s concerned, the cost of i n p u t has t o 
be kept as low as p o s s i b l e , w h i l s t , the costs of output 
as h i g h as p o s s i b l e . 
Because of continuous s h i f t s i n the costs of in p u t s 
as w e l l as i n the market p r i c e s , the maintenance of a 
margin of r e n t a b i l i t y depends on the f l e x i b i l i t y of 
a d a p t a t i o n t o changing p r i c e l e v e l s of i n p u t and output 
f a c t o r s by the use of adapted methods of pr o d u c t i o n 
t e c h n o l o g i e s . Assuming s t a t i c c o n d i t i o n s of n a t u r a l 
p r o d u c t i o n f a c t o r s l i k e s o i l f e r t i l i t y , a v a i l a b i l i t y of 
i r r i g a t i o n water and c l i m a t e , the main f a c t o r s causing 
a decrease of r e n t a b i l i t y are: 
- l a c k of labour w i t h the consequence of exploding labour 
costs 
- increase of energy costs such as f u e l and e l e c t r i c i t y 
- decrease of market p r i c e s f o r the produced goods w i t h 
consequential need t o a l t e r a t e the kind of crop, 
o r , 
t o reach higher y i e l d s , 
o r , 
t o extend the i r r i g a t e d area. 
These circumstances may r e q u i r e a l t e r a t i o n s i n the i r r i g a t i o n 
techniques used on e x i s t i n g i r r i g a t e d areas and have to 
be taken i n t o account i n the planning of new i r r i g a t e d areas. 
-116-
By i n c r e a s i n g the labour costs, one has t o 
c a l c u l a t e the costs r e q u i r e d t o s u b s t i t u t e labour by 
t e c h n i c a l devices such as s p r i n k l e r or d r i p i r r i g a t i o n . As 
one example i n Table 3»6, a c a l c u l a t i o n of labour 
s u b s t i t u t i o n of surface i r r i g a t i o n by s p r i n k l e r and d r i p 
i r r i g a t i o n i s based on data given i n Tables 2.3 t o 2.8. 
Table 3»6 shows t h a t , i n comparison w i t h surface i r r i g a t i o n , 
s p r i n k l e r i r r i g a t i o n r e s u l t s as more expensive than d r i p 
i r r i g a t i o n i n t h i s aspect of labour s u b s t i t u t i o n by 
t e c h n i c a l devices. 
According t o Tables 2.6 and 2.8, the expenses f o r 
e l e c t r i c a l energy r e q u i r e d f o r water d i s t r i b u t i o n per ha 
and year are, f o r d r i p i r r i g a t i o n about 60% lower than f o r 
s p r i n k l e r i r r i g a t i o n . This d i f f e r e n c e i s based on the 
lower water pressure r e q u i r e d by d r i p i r r i g a t i o n and on 
the d i f f e r e n c e of 15% t o 20% less water r e q u i r e d than f o r 
s p r i n k l e r i r r i g a t i o n . 
As a consequence of the d i f f e r e n c e s i n the water 
e f f e c t i v i t i e s between the i r r i g a t i o n methods, d i f f e r e n t 
areas can be i r r i g a t e d using the same amount of water. 
As shown i n Figure 2.1, the water e f f e c t i v i t y on the 
i r r i g a t e d area ( e ^ ^ ) f o r surface i r r i g a t i o n can be assessed 
at 50%; f o r s p r i n k l e r i r r i g a t i o n by 75% and f o r d r i p and 
subsurface i r r i g a t i o n by 90%, e.g. w i t h the same amount 
of water as r e q u i r e d f o r one ha of surface i r r i g a t i o n , 
one can i r r i g a t e 1.5 ha by s p r i n k l e r i r r i g a t i o n and 1.8 ha 
by d r i p or subsurface i r r i g a t i o n . 
Table 3.6 i n d i c a t e s the choice between i r r i g a t i o n 
systems on these economic grounds alone. Nevertheless, 
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there i s also dependence on f a c t o r s mentioned e a r l i e r , 
a v a i l a b i l i t y of c a p i t a l , o p p o r t u n i t y c o s t s , r e l a t i o n s h i p 
between t h e o r e t i c a l r e t u r n s r e a l i s t i c a l l y i n terms of 
technology and o r g a n i s a t i o n a l requirements. 
3-7 MANAGEMENT, LABOUR AND AGRO-TECHNOLOGICAL 
REQUIREMENTS 
Each i r r i g a t i o n method a p p l i e d r e q u i r e s , for_ i t s 
s uccessful o p e r a t i o n and maintenance, a s p e c i f i c know-how 
i n terms of s k i l l e d management and labour as w e l l as 
agrotechnologies adapted t o the s p e c i f i c i r r i g a t i o n methods. 
The management necessary t o e s t a b l i s h and m a i n t a i n 
an i r r i g a t e d area can be c l a s s i f i e d as f o l l o w s : 
Management o r g a n i z a t i o n of l a r g e sized i r r i g a t i o n 
schemes ranging from government operated i r r i g a t i o n 
schemes t o p r i v a t e farmer co-operatives w i t h the duty 
to a dminister the a v a i l a b l e water sources i n c l u d i n g 
t h e i r d i s t r i b u t i o n and q u a n t i f i c a t i o n up to f i e l d l e v e l 
and t o advise farmers i n the c o n s t r u c t i o n and maintenance 
of i r r i g a t i o n and drainage systems. Furthermore, the 
d u t i e s of such a management may i n c l u d e advisory work 
i n agrotechnology, f o r example i n a p p l y i n g f e r t i l i z e r 
and weed/pest c o n t r o l . Also, the establishment of c r e d i t s 
to farmers and marketing organisations may be supervised 
by such managements. Last but not l e a s t , i n most of the 
cases, •on the job' t r a i n i n g and p r a c t i c a l demonstrations 
f o r farmers and personnel has t o be arranged by the 
a d m i n i s t r a t i v e o r g a n i s a t i o n s . As great as are the advantag 
of such c e n t r a l i z e d o r g a n i s a t i o n and a d m i n i s t r a t i o n 
bodies i n terms of ap p l y i n g modern know-how, economic 
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power and m a i n t a i n i n g p o l i c y o b j e c t i v e s are, e q u a l l y 
great, are the r i s k s f o r the farmers i f wrong decisions 
or f a i l u r e s by the responsible o r g a n i s a t i o n s , i n e v i t a b l y 
associated w i t h p o l i t i c a l i n t e r e s t s , occur. 
On the other hand we f i n d the p a r t i c u l a r management 
of p r i v a t e c o n t r o l l e d farms, where the farmer h i m s e l f has 
t o implement h i s own d e c i s i o n s . Here, less s o p h i s t i c a t e d 
know-how can be observed. Nevertheless, because working 
f o r h i m s e l f and a t hisfcwn l o s s , the decisions are mostly 
w e l l based on experience and on s p e c i f i c known economic 
p o s s i b i l i t i e s . The demand f o r i n f o r m a t i o n and t e c h n i c a l 
know-how i n such cases has t o be supplied i n most 
c o u n t r i e s by the a g r i c u l t u r a l extension s e r v i c e s . 
Generally, the management of i r r i g a t e d a g r i c u l t u r e 
has t o be able to co-ordinate the i r r i g a t i o n p r a c t i c e s w i t h 
the crop p r o d u c t i o n techniques t o minimise the i n p u t s and 
t o optimise the r e t u r n s . This includes not only o p t i m i s i n g 
the e f f e c t i v i t y of the p l a n t p r o d u c t i o n f a c t o r 'water* but 
also the r e l e v a n t p r o d u c t i o n f a c t o r s , as f o r example 
improvement of crop r o t a t i o n , use of selected seed, pest 
and weed c o n t r o l , use of machinery as w e l l as the marketing 
of the produced goods. I n other words, r e t u r n s on investment 
i n the r e l a t i v e l y expensive i r r i g a t i o n c o n s t r u c t i o n s and 
equipment can only be assured by o p t i m i s i n g a l l p r o d u c t i o n 
f a c t o r s to get optimum y i e l d s i n terms of q u a l i t y and 
q u a n t i t y . Here, the engineering operations have t o be 
i n t e g r a t e d w i t h a g r i c u l t u r a l p r a c t i c e s . For example, w i t h 
b a s i n i r r i g a t i o n the use of machinery f o r s o i l p r e p a r a t i o n , 
c u l t i v a t i o n operations and h a r v e s t i n g i s r e s t r i c t e d by 
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ridg e s which surround the i r r i g a t i o n p l o t . Most of the 
work has t o be r e a l i z e d by hand, animal or by small powered 
machinery. I f two or three crop r o t a t i o n s per year are 
r e q u i r e d , f i e l d p r e p a r a t i o n which use small powered 
machinery or animals normally take too much time. I n 
c o r r u g a t i o n i r r i g a t i o n , a l l c u l t i v a t i o n and h a r v e s t i n g 
operations can be f u l l y mechanized, i n c l u d i n g the 
c o n s t r u c t i o n of the c o r r u g a t i o n r i l l s . I n fur r o w i r r i g a t i o n s , 
as the l e n g t h of the furrows depends on the topography 
and s o i l c o n d i t i o n s (see Chapter 1.1.5), the e f f e c t i v i t y 
of machinery i s o f t e n r e s t r i c t e d by wasted time f o r t u r n 
round i f the l e n g t h of the furrows cannot be extended 
over 100 m. I n s p r i n k l e r i r r i g a t i o n , u s u a l l y no r e s t r i c t i o n s 
i n terms of c u l t i v a t i o n techniques are given because mobile 
and semi-fixed systems are moved from the i r r i g a t e d p l o t 
a f t e r use. Fixed systems, mostly i n s t a l l e d i n orchards 
and vegetables, are i n s t a l l e d about 2 m over the earth's 
surface. I n d r i p i r r i g a t i o n , a p p l i e d i n orchards, s o i l 
p r e p a r a t i o n , f o r example by r o t a v a t o r s , i s only p o s s i b l e 
p a r a l l e l t o the e m i t t e r pipes because the pipes cannot 
be crossed. Weeds, growing around the e m i t t e r s must be 
c o n t r o l l e d by hand or by h e r b i c i d e s . I n t h i s connection, 
personal t r i a l s found t h a t these weeds can be replaced by 
growing leguminosa i n the area wetted by the e m i t t e r s 
w i t h the side e f f e c t of n i t r o g e n p r o d u c t i o n and improvement 
of the s o i l s t r u c t u r e . A p p l y i n g d r i p i r r i g a t i o n i n vegetables, 
no furrows ( u s u a l l y needed f o r growing vegetables) should 
be c o n s t r u c t e d . By 'even e a r t h ' c u l t i v a t i o n , one e m i t t e r 
l i n e can normally be used to i r r i g a t e a double row. 
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The labour s i t u a t i o n i n terms of q u a n t i t y of 
personnel a v a i l a b l e represent a dominant f a c t o r i n 
m a i n t a i n i n g a l l kinds of surface i r r i g a t i o n methods. Here, 
labour i s u s u a l l y r e q u i r e d f o r water d i s t r i b u t i n g over 
the f i e l d and f o r e a r t h moving work. I n pressure i r r i g a t i o n , 
the q u a l i t y and the t e c h n i c a l know-how of the operators 
i s e s s e n t i a l f o r operating and m a i n t a i n i n g the systems. 
I f pressure i r r i g a t i o n equipments are operated by u n t r a i n e d 
personnel, as seen i n Egypt, the break down occurs of the 
whole system i n a shor t period of time. 
The a v a i l a b i l i t y of spare parts f o r the i r r i g a t i o n 
equipment represents, besides the above mentioned operations 
and maintenances, a c r i t i c a l f a c t o r f o r n e a r l y a l l i r r i g a t i o n 
systems. I n surface i r r i g a t i o n systems (except r u n - o f f 
i r r i g a t i o n ) the water u s u a l l y has t o be elevated by f u e l 
or e l e c t r i c powered pumps from the water source up t o the 
f i e l d l e v e l . Spare parts f o r the water pumps should be 
a v a i l a b l e t o guarantee a quick r e p a i r i n the i r r i g a t i o n 
season. 
With pressure i r r i g a t i o n systems, the equipment f o r 
water d i s t r i b u t i o n i s connected to the pumps. I n t h i s case, 
spare parts f o r the d i s t r i b u t i o n equipment as w e l l as f o r 
the water pumps should be a t the v i r t u a l l y immediate 
d i s p o s a l of the farmer. I f continuous watering i s p r a c t i s e d , 
f o r example i n d r i p i r r i g a t i o n , r e p a i r s must be r e a l i z e d 
i n two or three days. As i n d r i p i r r i g a t i o n the water i n 
the s o i l i s only concentrated around the e m i t t e r s , the 
absolute amount of water i n the s o i l a v a i l a b l e f o r the 
pla n t s i s very l i m i t e d and t h e r e f o r e consumed by the p l a n t s 
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i n about two or three days or l e s s . I n a d d i t i o n , by the 
use of s a l i n e water or i n s a l i n e s o i l c o n d i t i o n s , the s a l t 
c o n c e n t r a t i o n i n the water around the r o o t zone w i l l r i s e 
to p l a n t t o x i c c o n c e n t r a t i o n l e v e l i f the d e l i v e r y of 
water stops over a long time p e r i o d , w h i l s t , r e s p e c t i v e l y 
the moisture c o n c e n t r a t i o n i n the r o o t zone of the s o i l 
decreases (see also Chapter 3 . 2 ) . Since i n s u r f a c e , i r r i g a t i o n 
as w e l l as i n mobile and semi-fixed s p r i n k l e r i r r i g a t i o n , 
the time between the i r r i g a t i o n cycles are 8 t o 15 days, 
a longer time period needed f o r r e p a i r work can be 
t o l e r a t e d than w i t h d r i p i r r i g a t i o n where a d a i l y w a t e r i n g 
i s p r a c t i s e d . Therefore, spare p a r t s f o r d r i p i r r i g a t i o n 
should be stored i n advance by the users; i n c l u d i n g the 
water pump which feeds the systems. Countries where the 
i r r i g a t i o n equipment has t o be imported, spare p a r t s 
shortages can produce serious o p e r a t i o n problems. 
The f o l l o w i n g Figures 3.6 t o 3*13 give a s i m p l i f i e d 
overview of the i n t e r r e l a t i o n s h i p of va r i o u s c o n d i t i o n s 
w i t h s p e c i f i c i r r i g a t i o n methods, as t r e a t e d i n t h i s 
t h e s i s , i n c l u d i n g some which have not been p r e v i o u s l y 
considered. The s t a t u s of these c o n d i t i o n s i n r e l a t i o n 
to requirements i s judged by t h e i r s u i t a b i l i t y f o r 
c o n s t r u c t i o n and maintenance and demonstrated as ma t r i x e s . 
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That i s : 
- = no i n f l u e n c e 
/ = not req u i r e d or normally not e x i s t i n g 
+ = r e q u i r e d / t y p i c a l or favourable c o n d i t i o n 
(+) = c r i t i c a l c o n d i t i o n 
Y = high demand of investment f o r the given c o n d i t i o n 
X = r e s t r i c t i v e condition/impeding the c o n s t r u c t i o n 
or o p e r a t i o n of the r e s p e c t i v e i r r i g a t i o n method 
0 = other i r r i g a t i o n method normally used 
0 = not d i r e c t i n t e r r e l a t e d 
R e f e r r i n g P i g . 3»9 ( b a s i n i r r i g a t i o n ) , an example 
i s g i v e n below f o r each case: 
- The c o n d i t i o n 'water i m p u r i t y ' has no i n f l u e n c e *-* t o 
the d i f f e r e n t requirements of basin i r r i g a t i o n . 
- The c o n d i t i o n 'advanced agrotechnology* i s even 'not 
r e q u i r e d ' or i n t h i s case 'normally not e x i s t i n g ' i n 
connection w i t h the requirement 'low l e v e l management', 
t h e r e f o r e '/' 
- 'Req u i r e d / t y p i c a l or favourable c o n d i t i o n s ' f o r basin 
i r r i g a t i o n are, e.g. ' a r i d c l i m a t e ' together w i t h the 
requirement ' u n l i m i t e d water q u a n t i t y ' , t h e r e f o r e '+' 
- The c o n d i t i o n 'moderate agrotechnology' compared w i t h 
' l i m i t e d water q u a n t i t y ' represents ' ( + ) ' as i n d i c a t i n g 
a c r i t i c a l c o n d i t i o n . 
- I f 'drainage' of the s o i l i s i n h i b i t e d , 'Y' stands f o r 
hi g h demand of investment i n t h i s case m e l i o r a t i o n 
o p e r a t i o n . 
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- 'X' stands f o r r e s t r i c t i v e c o n d i t i o n s which are impeding 
the c o n s t r u c t i o n or o p e r a t i o n of the i r r i g a t i o n method, 
such as the c o n d i t i o n ' l i m i t e d water q u a n t i t y ' compared 
w i t h the requirement of 'high p l a n t water demand'. 
- By the c o n d i t i o n 'humid c l i m a t e ' , compared w i t h 
• l i m i t e d or moderate water q u a n t i t y ' , where supplementary 
i r r i g a t i o n i s r e q u i r e d , basin i r r i g a t i o n w i l l normally 
not be a p p l i e d . Therefore, '0' stands t o i n d i c a t e t h a t 
i n t h i s case other i r r i g a t i o n methods w i t h l e s s 
investment costs i n c o n s t r u c t i o n and maintenance should 
be u t i l i z e d . 
- As the c o n d i t i o n 'water s a l i n i t y ' cannot d i r e c t l y 
i n t e r r e l a t e d t o the requirement 'topography', t h e r e f o r e '0' 
Figure 3'H also shows as a summation of the 
Figures 3' 6 t o 3«13> the interdependance of the various f i e l d 
i r r i g a t i o n methods w i t h the d i f f e r e n t main c o n d i t i o n s , as 
t r e a t e d i n t h i s Chapter as w e l l as i n the i n t r o d u c t i o n . 
This Figure may be u t i l i z e d l a t e r i n the t h e s i s as basic 
data f o r the comparison of d i f f e r e n t i r r i g a t i o n methods, 
where they w i l l be used as generalised Figures d i s p l a y i n g 
the p r i n c i p l e s which can be e s t a b l i s h e d from the absolute 
data given e a r l i e r . 
Figure 3.6 : 
Run-off 
i r r i g a t i o n 
( R e f . : N o m e n c l a t u r e ) 
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Figure 3.7 : 
Wild f l o o d i n g 
i r r i g a t i o n 
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Figure 3.8 : 
Border 
i r r i g a t i o n 
[ R e f . : N o m e n c l a t u r e ) 
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C H A P T E R P O U R 
4 . COMPARISON BETWEEN DRIP IRRIGATION AND OTHER 
IRRIGATION METHODS UNDER SAMPLE CONDITIONS 
(CASE STUDIES OF ROW CROP PRODUCTION) 
I n t h i s Chapter, d r i p i r r i g a t i o n w i l l be compared 
w i t h some selected i r r i g a t i o n methods t r e a t e d i n e a r l i e r 
Chapters. D r i p i r r i g a t i o n has r e c e n t l y assumed an -important 
r o l e as a f i e l d i r r i g a t i o n method, e.g. i n 1 9 7 4 , 10,000 ha 
i n A u s t r a l i a , 16,000 ha i n U.S.A. and 3,400 ha i n 
4 1 
South A f r i c a * were under d r i p i r r i g a t i o n ; i n 1981, the 
world-wide t o t a l i s estimated a t about 250,000 ha.^*^ 
This trend i n the use of d r i p i r r i g a t i o n i s p a r t i c u l a r l y 
r e f l e c t e d i n the increase i n a p p l i c a t i o n t o i n t e n s i v e 
i r r i g a t e d crops such as orchards, row crops and greenhouses. 
Since 1900, d r i p i r r i g a t i o n had been only used i n small 
areas, mainly i n greenhouses and n u r s e r i e s . The expansion 
i n f i e l d crops came i n the 1950's w i t h the reduced cost 
of small diameter p l a s t i c pipes. 
This t r e n d of expansion of d r i p i r r i g a t i o n i n the 
i n d u s t r i a l i s e d c o u n t r i e s d i d not stop, but was copied by 
other less developed countries, mainly those which are 
s i t u a t e d i n a r i d regions. Precise s t u d i e s of the e f f e c t i v i t y 
under p a r t i c u l a r c o n d i t i o n s or, i n other words, c r i t e r i a 
under which c o n d i t i o n s d r i p i r r i g a t i o n can be p r e f e r r e d 
i n comparison w i t h other i r r i g a t i o n methods, have been 
few and t h e r e f o r e the subject of t h i s t h e s i s . 
D r i p i r r i g a t i o n w i l l be compared w i t h some 
re p r e s e n t a t i v e i r r i g a t i o n methods t r e a t e d i n e a r l i e r Chapters 
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such as s p r i n k l e r , furrow, basin and border i r r i g a t i o n 
i n an a r i d r e g i o n . 
Run-off, w i l d f l o o d i n g and c o r r u g a t i o n i r r i g a t i o n 
are excluded from t h i s comparison because 
- r u n - o f f i r r i g a t i o n depends, as mentioned i n Chapter 1 . 1 . 
on very s p e c i f i c environmental c o n d i t i o n s of topography, 
cl i m a t e and s o i l . The water d i s t r i b u t i o n over the 
i r r i g a t e d p l o t i s u s u a l l y r e a l i z e d by the a p p l i c a t i o n 
of one surface i r r i g a t i o n method. 
- w i l d f l o o d i n g represents an i r r i g a t i o n method i n which 
the i r r i g a t i o n e f f i c i e n c y r e s u l t s are extremly low. 
P a r t i c u l a r l y , because of the h i g h water demand i n 
r e l a t i o n t o other i r r i g a t i o n methods, w i l d f l o o d i n g 
cannot be considered as an a l t e r n a t i v e i r r i g a t i o n 
method i n an a r i d r e g i o n . 
- c o r r u g a t i o n i r r i g a t i o n , as mentioned i n Chapter 1 .1.6, 
i s l i m i t e d t o the watering of c l o s e l y growing crops 
such as c e r e a l s , forage and pasture. Furthermore, the 
main c h a r a c t e r i s t i c s of s o i l and topography r e q u i r e d 
are very s i m i l a r to furrow and border i r r i g a t i o n ; 
c o r r u g a t i o n i r r i g a t i o n may t h e r e f o r e be excluded as 
a separate sample. 
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4.1 IRRIGATION AS A PRODUCTION FACTOR 
The process of supplying water to the l o c a t i o n s 
of the plants can economically be determined as the 
u t i l i z a t i o n of water as a production f a c t o r , such as 
f e r t i l i z e r , labour or c a p i t a l . Therefore, i r r i g a t i o n 
should be j u s t i f i e d i n the r a t i o of b e n e f i t s and costs. 
As i n any economic process, one or more of the p r o d u c t i o n 
f a c t o r s w i l l u s u a l l y l i m i t the f i n a l revenue. The value 
of i n p u t s f o r i r r i g a t i o n should be coordinated w i t h the 
l e v e l and i n t e n s i t y of the other p r o d u c t i o n f a c t o r s which 
may determine a l i m i t f o r the output. Therefore, i r r i g a t i o n 
must be i n t e g r a t e d i n t o the produc t i o n process of a farm, 
having been adapted t o the e x i s t i n g environmental, labour 
and economic c o n d i t i o n s . 
Assuming the c o n d i t i o n s of an a r i d c l i m a t e where 
crop growth w i t h o u t i r r i g a t i o n w i l l be very r e s t r i c t e d 
and poor, water supply by one i r r i g a t i o n method w i l l not 
i n i t s e l f guarantee i n o p t i m i s i n g farm income i n s p i t e 
of the maxim, 'everything i s made a l i v e by water'. The 
in p u t s must be considered i n r e l a t i o n to the output as 
w e l l as the i n f l u e n c e of the i r r i g a t i o n water on the 
f e r t i l i t y of the s o i l . I t should be proven whether any 
p a r t i c u l a r e x i s t i n g l i m i t i n g f a c t o r s can be compensated 
f o r by economically acceptable expenditures; e.g. l i m i t e d 
labour resources may be compensated f o r by the use of an 
i r r i g a t i o n method w i t h a high p r o d u c t i o n c a p a c i t y per man 
hour. 
A d i s t i n c t i o n can be made between the p r o d u c t i o n 
c a p a c i t y of i r r i g a t i o n water, u s u a l l y expressed as 1 
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and of the p r o d u c t i o n capacity of the labour i n p u t 
expressed i n man hours, as w e l l as the r e l a t i o n between 
monetary i n p u t and output. I n cases where the amount of 
i r r i g a t i o n water i s the main l i m i t i n g f a c t o r , the planning 
o r i e n t a t i o n should be concentrated on the e f f i c i e n c y of 
i r r i g a t i o n i n terms of water. On the other hand, where the 
a v a i l a b i l i t y of man hours i n general, or s k i l l e d labour i s 
r e s t r i c t e d , the a t t e n t i o n may be turned t o t h i s fa'ctor. 
Considering i r r i g a t i o n as a production f a c t o r w i t h a 
demand of monetary i n p u t , there may be r e s t r i c t i o n s through 
the a v a i l a b i l i t y of c a p i t a l f o r i n p u t as w e l l as on the 
output through insecure marketing s i t u a t i o n s . I n other 
words, h i g h i n p u t s i n t o an i r r i g a t i o n system i n c l u d i n g 
h i g h i n s t a l l a t i o n costs i n order t o get good r e s u l t s i n 
water and labour e f f e c t i v i t y may be i n v a l i d a t e d i f the 
output cannot be economically assured because of an 
inadequate market s i t u a t i o n . 
I n a d d i t i o n , i t must also be r e a l i z e d t h a t f o r 
reaching a h i g h output of produced crops, the other 
p r o d u c t i o n f a c t o r s , such as f e r t i l i z e r , p l a n t p r o t e c t i o n 
measures, t i l l a g e , e t c . , must be i n t e n s i f i e d i n order 
t o have, as f a r as p o s s i b l e , a balanced o p t i m i s i n g of a l l 
p r o d u c t i o n f a c t o r s . Without t h i s , even under the best 
moisture c o n d i t i o n s created by w a t e r i n g , y i e l d s may be 
r e s t r i c t e d by some other production f a c t o r s being less 
than the minimum necessary. An analogy may be found i n 
the use of h i g h y i e l d v a r i e t y crops (HPY) the so c a l l e d 
'Green R e v o l u t i o n ' , where high p o t e n t i a l r e s u l t s are 
only a c t u a l l y achieved i f the associated i n p u t s of the 
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p r o d u c t i o n f a c t o r s noted above (and o f t e n also of appro-
p r i a t e i r r i g a t i o n ) are a l l adequatly s u p p l i e d . 
The f o l l o w i n g s e c t ions develop i n d e t a i l , t h i s 
theme of balanced i n p u t s a p p r o p r i a t e t o c u l t i v a t i o n 
o b j e c t i o n s . 
4.2 PLANNING OF IRRIGATION SYSTEMS AND RATIONAL 
CULTIVATION 
I n t h i s Chapter, the planning c r i t e r i a of f i e l d 
i r r i g a t i o n systems on farm l e v e l f o r i r r i g a t i n g row crops 
such as orchards, vegetables under open a i r c o n d i t i o n and 
vegetables i n greenhouses w i l l be i d e n t i f i e d . 
The planning of any i r r i g a t i o n system has t o be 
o r i e n t a t e d t o the e x i s t i n g environmental, human and eco-
nomic c o n d i t i o n s . We can d i s t i n g u i s h f i r s t l y between con-
d i t i o n s which cannot fundamentally be a l t e r e d or improved 
such as the f o l l o w i n g environmental c o n d i t i o n s : 
- c l i m a t e (except i n greenhouses) 
- p l a n t water demand 
- water q u a n t i t y and q u a l i t y 
- s o i l c h a r a c t e r i s t i c s 
and secondly, those environmental c o n d i t i o n s which can 
be adapted to a p a r t i c u l a r i r r i g a t i o n system through an 
in p u t of c a p i t a l and labour: 
- topography (by l e v e l l i n g ) 
- water i m p u r i t y (by f i l t r a t i o n ) 
- energy (by e l e c t r i c i t y or f u e l ) 
and, t h i r d l y , such c o n d i t i o n s which are dependent on 
the education and t r a i n i n g or s u p e r v i s i o n of the farmer 
- 1 4 0 -
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as w e l l as on c r e d i t and marketing p o l i c y : 




- spare p a r t s i t u a t i o n 
- marketing 
I n the f o l l o w i n g example, based on c o n d i t i o n s i n 
Murcia, data of s o i l and water q u a l i t y as w e l l as the 
l e v e l of f i x e d and v a r i a b l e costs f o r labour and equipment, 
as s t a t e d i n Chapter 2.5, w i l l be u t i l i z e d . I n a d d i t i o n , 
P i g . 4.1 i l l u s t r a t e s t h a t , using c l i m a t i c data given i n 
Table 2.2, the year can be d i v i d e d i n t o a humid season 
d u r i n g w i n t e r and an a r i d season d u r i n g summer. 
Let us assume a farm w i t h a t o t a l area of 50 ha 
la n d , a l l s u i t a b l e f o r i r r i g a t i o n , w i t h the f o l l o w i n g 
land use: 
- 10,0 ha orchards i r r i g a t e d by b o r d e r - s t i p s 
4,5 ha vegetables, open a i r , i r r i g a t e d by furrows 
0.5 ha vegetables i n a greenhouse, i r r i g a t e d by 
furrow and basin i r r i g a t i o n 
- 10.0 ha forage crops, i r r i g a t e d by border s t r i p s 
= 25.0 ha crop p r o d u c t i o n under i r r i g a t i o n and 
- 25.0 ha cereals w i t h o u t i r r i g a t i o n d u r i n g w i n t e r season. 
For the purpose of o b t a i n i n g a b e t t e r farm income, an 
extension of the i r r i g a t e d area by r e c l a i m i n g the u n i r r i g a t e d 
c e r e a l area i s proposed, t h i s 25.0 ha t o be c u l t i v a t e d 
i n 20.0 ha of orchards and 5-0 ha of vegetables. An 
an a l y s i s of t h i s proposal would be as f o l l o w s : 
-142-
The i r r i g a t i o n water, elevated by a deep w e l l pump 
and deposited i n a r e s e r v o i r w i t h 20,000 nr c a p a c i t y , 
i s l i m i t e d i n t o t a l a v a i l a b i l i t y t o 265,000 m 3/year. 
According to average water consumption, as i d e n t i f i e d 
i n Chapter 2.4 and 2.5, which i s , per ha, 6,000 m 3/year 
i n orchards ( c i t r u s ) , 8,000 m /year i n vegetables under 
open a i r (melons) as w e l l as forage crops and 20,000 m3/ 
year i n the greenhouse, there can be subsumed a t o t a l 
water demand per year of: 
10.0 ha orchards x 6,000 m 3 = 60,000 m 3/year 
14.5 ha vegetables and , 
x 8,000 m 3 = 116,000 myyear 
forage crops 
0.5 ha greenhouse x 20,000 m 3 = 10,000 m 3/year 
= 186,000 m 3/year 
I f we assume 30$ water losses from storage and canals, 
through seepage, leakage and evaporation, of the t o t a l 
w e l l c a p a c i t y of 265,000 nr then, 
265,000 m 3 x 70$ = 185,500 m 3 
water per year are a v a i l a b l e on the i r r i g a t e d p l o t s . 
I n other words, the ca p a c i t y of i r r i g a t i o n water i s 
only s u f f i c i e n t f o r the farm area a l r e a d y i r r i g a t e d . 
We must now feed i n other base data: 
The u n i r r i g a t e d land has slopes of between 2$ and 5$ 
which would r e q u i r e c a p i t a l i n t e n s i v e l e v e l l i n g f o r 
the i n s t a l l a t i o n of surface i r r i g a t i o n . 
The i r r i g a t i o n water would need to be elevated by about 
30 m to a l l o w g r a v i t y d i s t r i b u t i o n . 
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- The labour c a p a c i t y c o n s i s t s of only f o u r permanent 
lab o u r e r s , i n c l u d i n g the farmer, w i t h o u t no p o s s i b i l i t y 
of i n c r e a s i n g supply d u r i n g the i r r i g a t i o n season since 
seasonal workers are h a r d l y a v a i l a b l e d u r i n g t h a t p e r i o d . 
I n favour of the r e c l a m a t i o n of more land f o r i r r i g a t i o n 
are the f o l l o w i n g c o n d i t i o n s : 
- the market s i t u a t i o n f o r vegetables and t r e e crop 
products ( c i t r u s ) — e x p e c t a t i o n normally excellent'. 
- the s t r u c t u r e and p e r m e a b i l i t y of the s o i l now under 
cereals i s s u i t a b l e f o r i r r i g a t i o n . 
- a r t i f i c i a l drainage would not be necessary 
- spare parts are a v a i l a b l e 
- the farmer has a basic a g r i c u l t u r a l know-how as w e l l as 
experience i n i r r i g a t i o n 
- the farm i s equipped w i t h machinery f o r s o i l p r e p a r a t i o n , 
weed and pest c o n t r o l and h a r v e s t i n g so t h a t more land 
could be c u l t i v a t e d w i thout the necessity of new 
machines. 
- s p e c i a l c r e d i t s a t an i n t e r e s t r a t e of 4$ can be obtained 
f o r the r e c l a m a t i o n of i r r i g a t e d land. 
The planning problem i n t h i s s i t u a t i o n c o n s i s t s of i d e n t i f y i n g 
an i r r i g a t i o n method by which the a v a i l a b l e amount of 
i r r i g a t i o n water, the labour capacity as w e l l as the 
topography of the land can be u t i l i z e d as economically 
as p o s s i b l e . The f i r s t s o l u t i o n could c o n s i s t of o p t i m i s i n g 
the present i r r i g a t i o n methods by reducing these water 
losses from the canals through seepage and leakage 
(about 20$ of t o t a l water a v a i l a b l e ) by improving the 
canals. Hereby, the water losses e s t a b l i s h e d i n Figure 2.1 
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of some 20% (265,000 nr x 20% = 53,000 n r ) can be 
reduced to losses of the order of 5%. By t h i s means, 
3 
about 40,000 m more i r r i g a t i o n water could be used 
f o r i r r i g a t i n g a d d i t i o n a l l y about 7 ha of orchards. 
( 6,000 m-5 per ha/year t o t a l l i n g 42,000 m5 per year) or 
5 ha of vegetables (8,000 m^  per ha and year x 5 = 
40,000 nr per y e a r ) . 
Another p o s s i b i l i t y f o r i n c r e a s i n g the e f f e c t i v i t y 
of the i r r i g a t i o n water c o n s i s t s of f u r t h e r reducing the 
water losses caused by evaporation and p e r c o l a t i o n on 
the i r r i g a t e d p l o t s . These losses, according t o Figure 2.1 
( e ^ / ^ ) , a r e ^ n "t^ie range of 30% to 50% of the water 
supplied up t o the f i e l d header given the use of surface 
i r r i g a t i o n systems. I f we assume the Figures of the 
p r o p o r t i o n a l t o t o t a l e x t r a c t i o n (see Figure 2.1 ( e ^ y ^ ) ) 
are of the order of 50%: 
10% by storage 
15% by canals 
25% by evaporation and p e r c o l a t i o n 
50% t o t a l water losses can be considered. 
3 
This means, t h a t of the t o t a l amount of 265,000 m 
3 
i r r i g a t i o n water e x t r a c t e d per year, 132,500 nr water 
are l o s t . 
I f we now apply the c r i t e r i a shown i n Figure 3-14, 
since the main r e s t r i c t i v e c o n d i t i o n f o r i r r i g a t i o n , i n 
the case of t h i s example, consists of a l i m i t a t i o n i n 
the q u a n t i t y of i r r i g a t i o n water, there i s no a p p r o p r i a t e 
surface i r r i g a t i o n method which could be used t o achieve 
the s t a t e d aim. Of the pressure i r r i g a t i o n systems 
-145-
o n l y d r i p i r r i g a t i o n can be i d e n t i f i e d as t h e method where 
the p a r t i c u l a r c o n s t r a i n t does n o t o p e r a t e . T h e r e f o r e , 
f u r t h e r c a l c u l a t i o n s have to be made f o r the sample farm 
area t o f i n d out whether d r i p i r r i g a t i o n can be u t i l i z e d 
to s u b s t i t u t e f o r the e x i s t i n g s u r f a c e i r r i g a t i o n methods 
as being a more favourable method of water d i s t r i b u t i o n i n 
terms of water management and economy. 
I f we c o n s i d e r d r i p i r r i g a t i o n to be a c l o s e d pipe 
system from the water r e s e r v o i r to the orchards, v e g e t a b l e s 
and greenhouse ( then i t w i l l not be s u i t a b l e f o r forage 
crops which should be i r r i g a t e d as p r e v i o u s l y s t a t e d by 
border s t r i p s , see Chapter 1.2.2) , the water balance for 
the given example, a l l under s u r f a c e i r r i g a t i o n , can be 
c a l c u l a t e d as f o l l o w s : 
10.0 ha orchards x 3,000 m^/ha = 30,000 m^/year 
4.5 ha vegetables x 4,000 rn^/ha = 18,000 m^/year 
0.5 ha vegetables i n , 
the greenhouse x 10,000 m /ha = 5,000 m /y e a r 
10.0 ha forage crops x 8,000 m^/ha = 80,000 mVyear 
133,000 mVyear 
We must then add an estimate ^ 
of forage c a n a l l o s s of: 20,000 m / y e a r 
T o t a l demand of i r r i g a t i o n water f o r the a r e a ., 
a l r e a d y i r r i g a t e d by s u r f a c e i r r i g a t i o n : 1531QQO m / y e a r 
The t o t a l w e l l c a p a c i t y of 265,000 m^/year 
must be reduced by 10$ f o r l o s s by 
evaporation from storage g i v e s : 238,500 n r / y e a r 
I f we s u b t r a c t from t h i s the demand ~ 
i d e n t i f i e d above: 153,000 m / y e a r 
then: 85,500 m^/year 
i r r i g a t i o n water are a v a i l a b l e f o r redeployment.This amount 
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of water would be s u f f i c i e n t to i r r i g a t e the c e r e a l a r e a 
as intended under d r i p i r r i g a t i o n of 
20.0 ha orchards x 3,000 m5 = 60,000 m^/year 
and 5-0 ha vegetables x 4,000 = 20,000 mVyear 
thus 80,000 m 5/vear 
water i s r e q u i r e d by the use of d r i p i r r i g a t i o n . 
A f t e r having c a l c u l a t e d the t e c h n i c a l c o n d i t i o n s 
i n d i s t r i b u t i o n and a p p l i c a t i o n of the i r r i g a t i o n water, 
which determines the most l i m i t i n g f a c t o r of i r r i g a t i o n 
i n the given sample, the f u r t h e r planning s t e p s c o n s i s t 
i n determining the s p e c i f i c economic c o n d i t i o n s and labour 
s i t u a t i o n before and a f t e r the proposed m o d i f i c a t i o n of 
watering most of the farm a r e a by d r i p i r r i g a t i o n . Because 
of r e g i o n a l and annual v a r i a t i o n s i n crop y i e l d s and 
market p r i c e s f o r the produced goods, the p o s s i b l e y i e l d s 
and t h e i r v a l u e cannot be c a l c u l a t e d i n a c t u a l i t y . 
Table 4.1 shows the i n i t i a l investments made f o r 
the a l r e a d y e x i s t i n g s u r f a c e i r r i g a t i o n on the 25 ha of 
the mentioned sample. These data a r e e x t r a p o l a t e d from 
the f i g u r e s , s t a t e d i n Table 2.3 to the corresponding 
25 ha of the sample a r e a . 
Table 4.2 shows the man hours, n e c e s s a r y f o r 
i r r i g a t i o n as w e l l as the i r r i g a t i o n s p e c i f i c v a r i a b l e 
c o s t s of the 25 ha i r r i g a t e d by s u r f a c e i r r i g a t i o n per y e a r . 
Table 4.3 shows the v a l u e of i n i t i a l investment 
and the f i x e d c o s t s f o r the proposed i n s t a l l a t i o n of 
d r i p i r r i g a t i o n on 40 ha farmland. Items such as pump 
s t a t i o n , w e l l d r i l l i n g and r e s e r v o i r are excluded from 
the t o t a l of new c o s t s because they a l r e a d y e x i s t on the 
farm. As these items a r e a l s o used or r e q u i r e d f o r w a t e r i n g 
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the forage crops by s u r f a c e i r r i g a t i o n , t h e i r corresponding 
f i x e d c o s t s of £ 4,560.- per year cannot be a s s o c i a t e d 
t o t a l l y w i t h d r i p i r r i g a t i o n . Of the t o t a l amount of 
water of 238,000 a v a i l a b l e from the r e s e r v o i r per y ear, 
80,000 nr or about 34$ are r e q u i r e d by the forage crops. 
T h i s 34$ should be excluded from the f i x e d c o s t s , which 
r e s u l t s i n a v a l u e of £ 4,560.- - 34$ = £ 1,550.-
s u b s t r a c t e d from the f i x e d c o s t s f o r d r i p i r r i g a t i o n . 
Table 4.4 shows the r e q u i r e d man hours per year 
as w e l l as the v a r i a b l e c o s t s , occuring a f t e r the 
i n s t a l l a t i o n of d r i p i r r i g a t i o n , these i n c l u d e the p a r t i a l 
use of s u r f a c e i r r i g a t i o n , but now on double the a r e a 
which had been p r e v i o u s l y i r r i g a t e d . Here, the work i n 
l a y i n g out and removing of the e m i t t e r l i n e s , n e c e s s a r y 
f o r v e g e t a b l e s and i n the greenhouse, i s added to the 
man hours a l l o t e d f o r i r r i g a t i o n . 
F i g u r e 4.2 g i v e s a summarised overview of the 
r e s u l t s , c a l c u l a t e d on T a b l e s 4.1 to 4.4. Comparing 
the t e c h n i c a l and economic s i t u a t i o n of the sample farm 
before and a f t e r the i n s t a l l a t i o n of d r i p i r r i g a t i o n , 
then we see t h a t w i t h d r i p i r r i g a t i o n t h ere i s ; 
- lower demand f o r i r r i g a t i o n water 
- lower demand i n man hours 
- lower demand i n v a r i a b l e c o s t s 
but 
- higher demand i n f i x e d c o s t s . 
I t must be emphasised t h a t , a ccording to t h i s balance 
and e a r l i e r a n a l y s i s the implementation of a d r i p 
i r r i g a t i o n system r e q u i r e s f o r assured r e t u r n s a s t a b l e 
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market s i t u a t i o n f o r t h e produced goods as w e l l as t h e 
f a r m e r s a b i l i t y t o c a r r y out r a t i o n a l c r o p p r o d u c t i o n 
by means o f o b t a i n i n g h i g h q u a l i t y and y i e l d s by, e.g. 
weed and pest c o n t r o l , f e r t i l i s i n g and h a r v e s t i n g . 
The noted low demand i n man hours can o n l y be 
o b t a i n e d by r a t i o n a l c u l t i v a t i o n o p e r a t i o n s , as assumed 
i n t h e c a l c u l a t i o n o f man hours r e q u i r e d g i v e n i n Table 
4-4. I n t h e f o l l o w i n g Chapter 4.3, t h e a s s o c i a t e d d e t a i l 
s p e c i f i c c u l t i v a t i o n and i r r i g a t i o n o p e r a t i o n s n e cessary 
f o r p r o f i t a b l e d r i p i r r i g a t i o n w i l l be i d e n t i f i e d . 
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Table 4.2 : V a r i a b l e c o s t s , (according to f i g u r e s i n Table 
2.4) i n c l u d i n g labour input f o r s u r f a c e 
i r r i g a t i o n f o r the 25 ha area a l r e a d y i r r i g a t e d . 
For the forage crops, the f i g u r e s of inputs are intermediate 
between the values f o r orchards and vegetables. 
i t e m man hours 
v a r i a b l e 
c o s t s 
- water l i f t i n g 
265,000 m3 x 0.58 kWh x £ 0.05 = £ 7,685.-
- man hours f o r i r r i g a t i o n 
.orchards ( c i t r u s ) 
42 h/ha x 10 ha =420 h x £ 3.5/h £ 1,470.-
.vegetables (melons) 
56 h/ha x 4.5 ha =252 h x £ 3.5/h = £ 882.-.greenhouse 
168 h/ha x 0.5 ha = 84 h x £ 3.5/h = £ 294.-
.forage crops 
40 h/ha x 10 ha =400 h x £ 3.5/h = £ 1 ,400.-
- i r r i g a t i o n s p e c i f i c 
c u l t i v a t i o n work 
. orchards ( c i t r u s ) 
18 h/ha x 10 ha = 180 h x £ 3.5/h = £ 630.-
. vegetables 
24 h/ha x 4.5 ha = 108 h x £ 3.5/h = £ 378.-
. greenhouse 
72 h/ha x 0.5 ha = 36 h x £ 3.5/h = £ 126.-. forage crops 
20 h/ha x 10 ha =200 h x £ 3.5/h = £ 700.-
- machinery expenses 
.orchards ( c i t r u s ) 
£ 45/ha x 10 ha £ 450,-
.vegetables (melons) 
£ 50/ha x 4.5 ha = £ 2 2 5 . -
.greenhouse 
£ 150/ha x 0.5 ha = £ 75.-
.forage crops 
£ 47/ha x 10 ha = £ 470.-
- r e p a i r expenses 
. orchards ( c i t r u s ) 
£ 10/ha x 10 ha = £ 100.-
„ vegetables (melons) 
£ 20/ha x 4.5 ha = £ 90.-
„ greenhouse 
£ 40/ha x 0.5 ha = £ 20.-o forage crops 
£ 15/ha x 10 ha = £ 150.-
t o t a l 1.680 h £15 ,145.-
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Table 4.4 : V a r i a b l e c o s t s and labour input a f t e r i n s t a l l a t i o n 
of the proposed d r i p i r r i g a t i o n i n c l u d i n g the 
e x i s t i n g surface i r r i g a t i o n of the forage crops. The man hours 
f o r i r r i g a t i o n , based on Table 2.8 w i l l be valued a t £ 3.5 per 
hour as s k i l l e d labourer w i l l not be employed. 
i t e m man hours 
variable 
costs 
- water l i f t i n g 
265,000 m3 x 0.58 kWh x £ 0.05 =£ 7,685.-
- water distribution by drip i r r i g . 
.90.000 m3/year i n the orchard 
.38,000 m^/year i n the vegetables 
. 5*000 m-Vyear i n the greenhouse 
=133,000 m3/yearx0.2 kWhx£0.05/ 
kWh =£ 1,330.-
- man hours for i r r i g a t i o n , lay out 
and moving of the emitter l i n e s 
„ orchards ( c i t r u s ) 
7 h/ha x 30 ha 
. vegetables (melons) 
26 h/ha x 9.5 h 
. greenhouse 
60 h/ha x 0.5 ha 
*. forage crops 
40 h/ha x 10 ha 












- i r r i g a t i o n s p e c i f i c c u l t i v a t i o n 
work 




20 h/ha x 10 ha 
n i l 
n i l 
n i l 
200hx£ 3.5/h 
n i l 
n i l 
n i l 
=£ 700.-
- machinery expenses for 
cult i v a t i o n work on i r r i g a t i o n 
. orchards ( c i t r u s ) 
. vegetables (melons) 
• greenhouse 
*. forage crops 
£ 47/ha x 10 ha 
n i l 
n i l 
n i l 
n i l 
n i l 
n i l 
=£ 470 o-
- repair expenses 
.orchards ( c i t r u s ) 
£ 20/ha x 30 ha 
.vegetables (melons) 
£ 100/ha x 9.5 ha 
ogreenhouse 
£ 300/ha x 0.5 ha 
•.forage crops 









t o t a l farm area 1. 087 h £ 15,139.5 
• subtracting forage crops as 
being surface i r r i g a t e d area 
as well as thei r part (34%) of 
water l i f t i n g costs (£ 7,685) 
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F i n a l l y , there w i l l be given some examples of 
other c o n d i t i o n s which could favour as w e l l as r e s t r i c t 
the u t i l i z a t i o n of d r i p i r r i g a t i o n . Here, the same b a s i c 
c o n d i t i o n s as s t a t e d before i n the sample farm as w e l l 
as i n F i g u r e 3-14 a r e assumed. 
- I f the farm area i s l i m i t e d because an a d d i t i o n a l a r e a 
f o r i r r i g a t i o n i s not a v a i l a b l e and a higher e f f e c t i v i t y 
of the i r r i g a t i o n water i s not r e q u i r e d , the use of d r i p 
i r r i g a t i o n , mainly f o r ve g e t a b l e s , may be j u s t i f i e d i f : 
. land l e v e l l i n g can be avoided 
. there e x i s t s a s e r i o u s shortage of labour 
. o v e r s a l t i n g problems a r e occuring 
. b e t t e r q u a l i t y of crops should be r e a l i s e d 
- i f the water q u a l i t y was low, the use of d r i p i r r i g a t i o n 
would represent the s o l e a l t e r n a t i v e to other i r r i g a t i o n 
methods (see Chapters 1.2.2 and 3«2). 
- i f spare p a r t s a v a i l a b i l i t y cannot be guaranteed, the 
s e r v i c e a b i l i t y of the d r i p i r r i g a t i o n system cannot 
be as s u r e d . I n these circumstances, the use of d r i p 
i r r i g a t i o n , as w e l l as s p r i n k l e r i r r i g a t i o n , cannot 
be recommended 
- i f c r e d i t or c r e d i t a t low i n t e r e s t r a t e s a r e not 
a v a i l a b l e the high i n s t a l l a t i o n c o s t s f o r d r i p i r r i g a t i o n 
may p r o h i b i t the r e a l i z a t i o n of the proposed i n t e n t i o n 
because of c a p i t a l shortage a t farm l e v e l . 
- i f there were no s t a b l e market f o r the produced crops, 
the r e t u r n s on the r e l a t i v e l y high f i x e d c o s t s of the 
i n i t i a l investment f o r d r i p i r r i g a t i o n could not be 
assure d . I n s t a b l e market s i t u a t i o n s are very s e r i o u s 
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i n h i b i t o r s of investment i n high c a p i t a l i n t e n s i v e 
i r r i g a t i o n systems because of the high r i s k of ob-
t a i n i n g r e t u r n s . 
- i f there i s a low l e v e l of education and t r a i n i n g , 
a v a i l a b l e f o r o p e r a t i o n s , f o r i n s t a n c e i n preventing 
e m i t t e r blockages, as w e l l as the p r e c i s e o b s e r v a t i o n s 
of i r r i g a t i o n c y c l e s , then t o t a l l y r a t i o n a l crop pro-
d u c t i o n cannot be a s s u r e d . The r e t u r n s on the c a p i t a l 
i n t e n s i v e investments, r e q u i r e d by d r i p i r r i g a t i o n 
cannot be obtained i f the equipment f a i l s because of 
wrong use and maintenance; the equipment i s f a r more 
d e l i c a t e and s e n s i t i v e than i n other systems. 
- i f there i s s u f f i c i e n t and cheap labour a v a i l a b l e , the 
r e l a t i o n of v a r i a b l e c o s t s to the f i x e d c o s t s , according 
to F i g u r e 4.2, would be diminished because of the r e -
duced input labour c o s t . I n most of the developing 
c o u n t r i e s ample and cheap labour i s u s u a l l y a s s o c i a t e d 
w i t h low l e v e l of education which may prevent the use 
of a h i g h l y s o p h i s t i c a t e d i r r i g a t i o n method. 
F u r t h e r study of the d i f f e r e n t q u a l i t a t i v e p o t e n t i a l s of 
labour f o r c e s , f o r example i n E a s t A s i a compared with 
i n t e r - t r o p i c a l A f r i c a , i n t h i s context would be v a l u a b l e 
but l i e o u t s i d e the scope of t h i s t h e s i s . 
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4.3 AGROTECHNOLOGY OF IRRIGATED CROPS 
Here, we w i l l i n i t i a l l y review those r e l e v a n t 
f a c t o r s e s t a b l i s h e d e a r l i e r i n t h i s t h e s i s of s u r f a c e 
i r r i g a t i o n methods. The agrotechnology of crop production 
by i r r i g a t i o n can be defined as the r e s u l t a n t of two main 
groups of f a c t o r s , the crop s p e c i f i c c u l t i v a t i o n 
requirements and the layout of the i r r i g a t i o n system f o r 
conducting and d i s t r i b u t i n g the water over the s u r f a c e of 
the c u l t i v a t e d p l o t . Because of the f a c t t h a t the p l a n t s 
are growing d i r e c t l y i n the i r r i g a t i o n system, c o n s i s t i n g 
of c o r r u g a t i o n s , furrows, border s t r i p s or b a s i n s , the 
technology of plant production has to be o r i e n t a t e d around 
these c o n d i t i o n s . Only w i t h those crops, which should be 
c u l t i v a t e d i n or on r i d g e s , e.g. potatoes, does furrow 
i r r i g a t i o n r e p r e s e n t a combination of both c u l t i v a t i o n 
and i r r i g a t i o n techniques. As the minimum amount of 
i r r i g a t i o n water per i r r i g a t i o n c y c l e has to be a s s o c i a t e d 
with stream flow s i z e , r e q u i r e d to cover the i r r i g a t e d 
p l o t , (see Chapter 1.1) and as post i r r i g a t i o n o p e r a t i o n s 
such as c r u s t breaking may be ne c e s s a r y i n most of the 
cas e s , the i n t e r v a l s between watering a r e planned to be 
as long as i s c o n s i s t e n t w i t h r e f i l l i n g the f i e l d c a p a c i t y 
before the w i l t i n g point of the p l a n t s i s reached. 
By s p r i n k l e r i r r i g a t i o n , the p l a n t s can be c u l t i v a t e d 
without depending on s p e c i f i c i r r i g a t i o n o p e r a t i o n s . As 
the whole e a r t h s u r f a c e i s wetted by the s p r i n k l e r s , 
i n d i v i d u a l p l a n t watering (except by micro s p r i n k l e r s ) 
watering wide spaced crops such as t r e e s , i s not e f f e c t i v e . 
S i n ce that part of the i r r i g a t i o n water which wets the 
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spaces between the t r e e rows i s t h e r e f o r e mostly l o s t 
f o r the plant consumption. Except on sandy s o i l s or 
w i t h ground covering crops, c r u s t has to removed a f t e r 
each watering, as w e l l as the i r r i g a t i o n equipment of 
mobile and semi f i x e d s p r i n k l e r i r r i g a t i o n systems. As 
the p l a n t s a r e e n t i r e l y wetted by each watering, temperature 
or fungus s e n s i t i v e p l a n t s may s u f f e r by high i r r i g a t i o n 
f r e q u e n c i e s . Using i r r i g a t i o n water which c o n t a i n s a h i g h 
content of s a l t s , s c o r c h damages on the plant l e a v e s can 
be observed. * (see a l s o Chapter 1.2.1) Although w i t h 
s p r i n k l e r i r r i g a t i o n low amounts of i r r i g a t i o n water per 
i r r i g a t i o n c y c l e i s p o s s i b l e , a t f i e l d l e v e l , t h e c y c l e s 
of watering are concentrated on r e p l e n i s h i n g s o i l 
moisture i f the f i e l d c a p a c i t y of the s o i l i s exhausted 
near to the w i l t i n g point of the p l a n t s . T h e r e f o r e , i t 
can be s t a t e d that the p r a c t i c e of the u t i l i z a t i o n of 
s p r i n k l e r i r r i g a t i o n a t f i e l d l e v e l , where i t concerns 
the i r r i g a t i o n i n t e r v a l s and the amount of water per 
i r r i g a t i o n c y c l e does not s i g n i f i c a n t l y d i f f e r from t h a t 
of s u r f a c e i r r i g a t i o n . 
By the use of d r i p i r r i g a t i o n , high i r r i g a t i o n 
f r e q u e n c i e s can be p r a c t i c e d without the n e c e s s i t y of 
i r r i g a t i o n s p e c i f i c operations or p r e - i r r i g a t i o n 
c u l t i v a t i o n work. The main t e c h n o l o g i c a l problems of crop 
production occuring by d r i p i r r i g a t i o n on f i e l d l e v e l 
can be defined as being the determination of the 
i optimal s o i l moisture i n the root zone of the p l a n t s 
i i the layout of the emitter l i n e s , to give the most 
r a t i o n a l c u l t i v a t i o n technique 
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) Because of the v i s u a l l y s m a l l wetted a r e a around 
the e m i t t e r , surrounded by dry e a r t h s u r f a c e , s o i l 
moisture content i n the root zone cannot be estimated 
by eye or f e e l . The determination of the s o i l moisture 
w i t h the use of d r i p i r r i g a t i o n has t h e r e f o r e be done 
by instruments. At farm l e v e l where the easy handling 
of apparatus i s r e q u i r e d , v a r i o u s methods, (see Table 3 
pan evaporation and atometer, tensiometer and porous 
r e s i s t a n c e block can be a p p l i e d . By the use of pan 
evaporation and atometer, data has to be t r a n s l a t e d 
by p l a n t s p e c i f i c c o n v e r s i o n c o - e f f i c i e n t s (see Ref.: 3 
The r e s u l t i s , t h a t the measured data cannot be 
t r a n s f e r r e d immediately to i r r i g a t i o n impulses but 
a t l e a s t i s delayed by an average of one day. 
S o i l moisture measurements by tensiometer and porous 
r e s i s t a n c e block can be t r a n s f e r r e d d i r e c t l y to give 
immediate i n d i c a t i o n s f o r watering. For the u n i t 
operator, t h i s mode of op e r a t i o n r e q u i r e s an 
understanding of the processes i n v o l v e d , r a t h e r than 
merely a b l i n d c a r r y i n g out of mechanical o p e r a t i o n s , 
a s i g n i f i c a n t f a c t o r i n the p s y c h o l o g i c a l demands 
made by the c a r r y i n g out of the c o r r e c t s e r v i c i n g and 
r e p a i r work. 
The f o l l o w i n g data was obtained by p e r s o n a l r e s e a r c h 
i n the South E a s t of Spain 1971 t i l l 1974 under the 
same s o i l , water and c l i m a t e c o n d i t i o n s as s t a t e d i n 
Chapter 2 . 5 and F i g u r e 4 . 1 . Here, tensiometers were 
used f o r c o n t r o l l i n g d i r e c t l y the i r r i g a t i o n c y c l e s 
by e l e c t r i c connection to the head u n i t of d r i p 
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i r r i g a t i o n . To f i n d out t h e p l a n t response t o s o i l 
m o i s t u r e , t r i a l s w i t h a ubergines i r r i g a t e d by 
permanently a d j u s t e d vacuums of 10 and 25 c e n t i b a r s 
on the t e n s i o m e t e r , were done. The measuring p o i n t 
(ceramic cup o f t h e t e n s i o m e t e r ) was s i t u a t e d a t a 
d i s t a n c e o f 10 cm away o f t h e e m i t t e r o u t l e t and 
about 15 cm d e p t h i n t h e r o o t zone. When t h e s o i l 
s u c t i o n rose over t h e a d j u s t e d c a l i b r a t i o n , immediate 
w a t e r i n g was a c t u a t e d and v i c e v e r s a . T h i s r e s u l t e d 
t o d i f f e r e n t developments o f r o o t e x t e n s i o n s as shown 
by t h e f o l l o w i n g F i g . 4 . 3 and 4.4. 
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I t can be seen that with 10 c e n t i b a r s of vacuum, a 
more compact r o o t b a l l without many h o r i z o n t a l 
extensions was produced than by 25 c e n t i b a r s vacuum, 
the above s u r f a c e development of the p l a n t s i n the 
t r i a l w i t h 10 c e n t i b a r s vacuum was markedly b e t t e r 
than i n t r i a l s w i th 25 c e n t i b a r s vacuum. T h e r e f o r e , 
f i n a l tensiometer adjustments were s e t to 10 c e n t i b a r s 
vacuum f o r vegetables w i t h s i m i l a r r e s u l t s . 
F i g u r e 4.5 shows the s e n s i t i v i t y of the water 
consumption of tomato p l a n t s i n r e l a t i o n to the 
temperature. T h i s data was obtained v i a t r i a l s i n a 
greenhouse where i t was not p o s s i b l e to measure a i r 
humidity. I t demonstrates the high d i f f e r e n c e s i n 
d a i l y amounts of water, c o n t r o l l e d by tensiometer. I t 
a l s o demonstrates, the i m p o s s i b i l i t y of manual d a i l y 
c o n t r o l of i r r i g a t i o n water a c h i e v i n g even approximately 
s i m i l a r r e s u l t s . F u r t h e r t r i a l s by t r e e crops found 
that s o i l moisture can be r e g u l a t e d by m a i n t a i n i n g 
a constant s o i l s u c t i o n of 20 c e n t i b a r s vacuum but 
by v a r y i n g the d i s t a n c e s between the e m i t t e r and the 
measuring point of the tensiometer. T h i s d i s t a n c e 
v a r i a t i o n a l l o w s the maintenance of the p r e c i s e f u n c t i o n 
of the tensiometer even though l e s s a t t e n t i o n as 
r e q u i r e d f o r water r e f i l l i n g when i t operates a t 
over 30 c e n t i b a r s of vacuum. 
F i g u r e 4.6 shows the p r i n c i p l e of tensiometer 
placement. Here, the water from the e m i t t e r has to 
reach the d i s t a n c e of l i n e C to the ceramic cup of the 
tensiometer. L i n e A stands f o r the d i s t a n c e e m i t t e r to 
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t e n s i o m e t e r and l i n e B s t a n d s f o r t h e d e p t h o f t h e 
ceramic cup. 
To e s t a b l i s h g u i d e l i n e s f o r t h e d i f f e r e n t p l a c e -
ments o f t h e t e n s i o m e t e r t o t h e e m i t t e r on d i f f e r e n t 
k i n d s o f s o i l s as w e l l as f o r t h e r e q u i r e d d e p t h o f 
w e t t i n g p a t t e r n , f u r t h e r t r i a l s were done. These 
r e s u l t s a r e shown i n F i g u r e 4.7 as g u i d e l i n e f o r use. 
Here, l i n e A a l s o s t a n d s f o r t h e d i s t a n c e e m i t t e r t o 
t e n s i o m e t e r , l i n e B s t a n d s f o r t h e d e p t h o f t h e 
ceramic cup and l i n e C s t a n d s f o r t h e s h o r t e s t d i s -
t a n c e o f t h e e m i t t e r t o t h e ceramic cup w h i c h t h e 
i r r i g a t i o n w a t e r has t o r e a c h . 
F i g u r e 4.8 shows t h e s o i l p r o f i l e o f measured 
m o i s t u r e g r a d i e n t s expressed i n volume p e r c e n t by a 
p e r m a n e n t l y m a i n t a i n e d 15 c e n t i b a r s vacuum around t h e 
ceramic cup o f t h e t e n s i o m e t e r , as w e l l as t h e 
d i s t r i b u t i o n o f s a l t s . I t can be o b s e r v e d , t h a t by 
s h o r t f r e q u e n c y i r r i g a t i o n c y c l e s , a l s o c a l l e d 
'permanent w a t e r i n g ' one e m i t t e r i s a b l e t o produce 
a w e t t e d r a d i u s o f about 50 m on a sandy loam s o i l . 
For most k i n d s o f t r e e c r o p s , two e m i t t e r s per t r e e 
may be s u f f i c i e n t under t h e s e c o n d i t i o n s . Only on 
s o i l s w i t h l e s s h o r i z o n t a l w a t er movement c a p a c i t y 
( l i g h t sandy s o i l s ) s h o u l d t h e number o f e m i t t e r s 
per t r e e be d o u b l e d . As an i m p o r t a n t e f f e c t o f t h e 
e x i s t e n c e o f permanent s o i l m o i s t u r e around t h e 
e m i t t e r , t h e r o o t d e n s i t y i n t h i s a r e a w i l l m a r k e d l y 
i n c r e a s e d . 
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The minimum s i z e o f w e t t i n g p a t t e r n f o r i r r i g a t i n g 
t r e e s or when c o n v e r t i n g mature t r e e s t o d r i p 
i r r i g a t i o n s h o u l d be such t h a t 25% t o 30% o f t h e 
4.4 4.5 
t o t a l r o o t system i s s u p p l i e d w i t h w a t er and 
t h e d i s t r i b u t i o n o f s a l t s i n t h e s o i l p r o f i l e f o l l o w s 
t h e g e n e r a l p a t t e r n o f t h e w a t e r f l o w . S a l t accumula-
t i o n s can be observed i n t h e t r a n s m i s s i o n zone a r e a 
f r o m wet t o d r y , up t h e 1 1 % s o i l m o i s t u r e g r a d i e n t 
(see C h apter 3«3)« To a v o i d an i n c r e a s e o f s a l t con-
c e n t r a t i o n by a decrease o f t h e s o i l m o i s t u r e , p r e c i s e 
s o i l m o i s t u r e c o n t r o l i n t h e w e t t e d r o o t zone i s 
necessary (see C h a p t e r 1 . 2 . 2 ) . 
The e f f e c t i v i t y o f p e r m a n e n t l y c o n t r o l l e d s o i l 
m o i s t u r e by u s i n g i r r i g a t i o n w a t e r w i t h an e l e c t r i c a l 
c o n d u c t i v i t y o f 3*9 m i l l i m h o s / c m a t 25 °C c o u l d be 
d e m o n s t r a t e d i n t h e c u l t i v a t i o n o f a p p l e t r e e s i n 
1973, a l s o i n t h e South East o f S p a i n . Leaves o f 
t r e e s i n t h i s t h r e e y e a r o l d c u l t i v a t i o n , i r r i g a t e d 
by b o r d e r s t r i p s , became c h l o r o t i c and branches stopped 
t h e i r g r o w i n g because o f s a l t s t r e s s . About s i x 
months a f t e r i r r i g a t i n g by t e n s i o m e t e r c o n t r o l l e d 
d r i p i r r i g a t i o n , t h e l e a v e s changed t h e i r c o l o u r t o 
d a r k g r e e n and t h e branches showed marked development. 
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The f o l l o w i n g F i g u r e 4-9 shows a young a p p l e t r e e 
w i t h h e a l t h y g rowth on the branch t i p s i n c o n t r a s t 




( i i ) I n c u l t i v a t i o n of t r e e s , t h e l a y o u t o f t h e e m i t t e r 
l i n e s c o n s i s t s n o r m a l l y o f one e m i t t e r l i n e p e r 
t r e e row, equipped w i t h two e m i t t e r s per t r e e . As 
w i t h most k i n d s of t r e e s , the area o f r o o t d e v e l o p -
ment i s c o n c e n t r a t e d between the stem and t h e end 
o f the l a t e r a l branches, t h e e m i t t e r s s h o u l d be 
placed i n the middle o f t h i s zone. When s t a r t i n g 
d r i p i r r i g a t i o n of young t r e e s , the placement o f 
the e m i t t e r s should be v a r i a b l y adapted t o t h e t r e e ' s 
development. 
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F i g u r e 4.10 shows above a p o s s i b i l i t y o f t h e l a y o u t 
o f t h e e m i t t e r s i n young t r e e s . Here, a l o o p i s 
f i x e d between t h e e m i t t e r s on b o t h s i d e s o f t h e stem. 
The arrows show t h e e m i t t e r s can be p l a c e d a l o n g w i t h 
t r e e g r o w t h , u n t i l t h e i r f i x e d p o s i t i o n i s reached; 
f o r t h i s , f l e x i b l e p i p e m a t e r i a l i s r e q u i r e d . 
Weed c o n t r o l i n t r e e crops can be done by machinery 
between rows a l o n g t h e e m i t t e r l i n e s . Weed gr'owth 
around t h e e m i t t e r s n o r m a l l y must be c o n t r o l l e d by 
hand or by h e r b i c i d e s . A n o t h e r p o s s i b i l i t y o f con-
t r o l l i n g weeds may c o n s i s t i n sowing legumes w h i c h 
need l i t t l e o f t h e i r r i g a t i o n w a t e r b u t w h i c h i n c o r -
p o r a t e o r g a n i c m a t e r i a l and n i t r o g e n i n t o t h e s o i l . 
F u r t h e r m o r e , t h e w i l t i n g o f t h e s e p l a n t s can i n d i c a t e 
t h e p o s s i b i l i t y o f e m i t t e r b l o c k a g e , (see Chapter 3.7) 
I n v e g e t a b l e s , one e m i t t e r l i n e can n o r m a l l y s e r v e 
f o r i r r i g a t i n g two rows. Only i n c u l t i v a t i o n s w i t h a 
cr o p row d i s t a n c e o f more t h a n 1.5 m, i s a s e p a r a t e 
e m i t t e r l i n e r e q u i r e d f o r each row. T h i s i s because 
of t h e l i m i t e d h o r i z o n t a l w a t e r movement c a p a c i t y 
of t h e s o i l . By hand p l a n t i n g , p l a n t p o s i t i o n i n g i n 
c i r c l e s around t h e e m i t t e r s i s p o s s i b l e t h u s maximis-
i n g t h e use o f t h e s o i l s u r f a c e . On d r y s o i l s , t h e 
s o i l s h o u l d be w e t t e d b e f o r e o r i m m e d i a t e l y a f t e r 
p l a n t i n g . Because o f t h e e m i t t e r p i p e s , weed c o n t r o l 
by machinery i s n o r m a l l y n o t p o s s i b l e so t h a t t h i s 
s h o u l d be done by h e r b i c i d e s b e f o r e p l a n t i n g . As 
f u r r o w s o r r i l l s f o r w a t e r c o n d u c t i n g a r e n o t nec-
essary i n d r i p i r r i g a t i o n , n e a r l y a l l k i n d s o f p l a n t s 
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may be c u l t i v a t e d on a f l a t s u r f a c e . Because t h e 
s o i l s u r f a c e i s n o t w e t t e d , c r u s t b r e a k i n g w i l l 
n o t be r e q u i r e d . 
F i g u r e 4-11 shows d i f f e r e n t p o s s i b i l i t i e s o f 
l a y o u t and p l a n t p o s i t i o n s o f v e g e t a b l e s . 
M i n e r a l f e r t i l i z e r can be d i s s o l v e d and i n j e c t e d 
i n t o t h e i r r i g a t i o n w a t e r b u t c a r e has t o be t a k e n 
o f p o s s i b l e a d v e r s e compound f o r m a t i o n s as a r e s u l t 
o f c h e m i c a l r e a c t i o n s between i n j e c t e d f e r t i l i z e r 
and c h e m i c a l w a t e r i m p u r i t i e s (see Chapter 1.2.2). 
The d e s i g n o f d r i p i r r i g a t i o n i n d e t a i l i n v o l v i n g 
t h e c a l c u l a t i n g o f p i p e d i a m e t e r s , f r i c t i o n l o s s e s 
and p o s s i b l e l e n g t h s o f t h e e m i t t e r l i n e s w i l l n o t 
be t r e a t e d i n t h i s t h e s i s as c o r r e s p o n d i n g d a t a a r e 
a v a i l a b l e i n t h e l i t e r a t u r e , e.g. Ref. 4.7'. 
I t can be s t a t e d t h a t d r i p i r r i g a t i o n r e p r e s e n t s 
i n c o m p a r i s o n t o s u r f a c e f l o o d i n g o r s p r i n k l e r 
i r r i g a t i o n an a c t i v e , dynamic process f o r d e t e r m i n i n g 
s o i l and c r o p s p e c i f i c d a t a and t h e i r c o n t r o l , 
whereas s u r f a c e f l o o d i n g and s p r i n k l e r i r r i g a t i o n 
a r e p a s s i v e r e a c t i o n processes i n r e l a t i o n t o 
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Figure 4.11 • Emit ter layout and different cultivation methods 
for vegetables 
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4.4 A TECHNICAL AND ECONOMIC COMPARISON BETWEEN 
DRIP IRRIGATION AND OTHER IRRIGATION SYSTEMS 
I n f u r r o w , b a s i n and b o r d e r i r r i g a t i o n , as 
f a r as the main t e c h n i c a l and economic c h a r a c t e r i s t i c s 
a r e concerned, t h e y a r e a l l v e r y s i m i l a r . As t r e a t e d 
p r e v i o u s l y , these i r r i g a t i o n methods, t h e r e f o r e , w i l l 
be subsumed under t h e s i n g l e t e r m ' s u r f a c e i r r i g a t i o n 1 
i n t h e f o l l o w i n g comparison w i t h s p r i n k l e r and d r i p 
i r r i g a t i o n . 
A c c o r d i n g t o the f a c t s e s t a b l i s h e d i n e a r l i e r 
C h a p t e r s , d r i p i r r i g a t i o n r e q u i r e s a h i g h a c c u r a c y 
n o t o n l y f o r d e t e r m i n i n g t h e amount o f i r r i g a t i o n w a t e r 
per i r r i g a t i o n c y c l e b u t a l s o i n t h e l e n g t h o f i r r i g a t i o n 
f r e q u e n c i e s (see Chapters 1.2.2 and 3*2). T h i s a c c u r a c y , 
w h i c h i s necessary t o produce optimum w a t e r i n g o f the 
p l a n t s as w e l l as an optimum e f f i c i e n c y o f i r r i g a t i o n w a t e r 
used, can be o b t a i n e d by a u t o m a t i c m o n i t o r i n g d e v i c e s 
such as t e n s i o m e t e r s o r porous r e s i s t a n c e b l o c k s . As f a r 
as can be observed i n the i n d u s t r y , t h e a c t u a l tendency 
i s t o use a u t o m a t i c c o n t r o l o f t h e i r r i g a t i o n c y c l e s f o r 
s p r i n k l e r i r r i g a t i o n systems by t i m e s w i t c h e s , w h i l e f o r 
d r i p i r r i g a t i o n s o i l m o i s t u r e d e t e c t o r s a r e used. 
I n s u r f a c e i r r i g a t i o n systems, the a u t o m a t i s a t i o n o f 
w a t e r i n g i s l i m i t e d t o d i f f e r e n t systems o f c o n t r o l 
g a t e s , w h i c h r e g u l a t e the w a t e r i n t a k e t o the i r r i g a t e d 
p l o t s . 
Since i n d r i p i r r i g a t i o n o n l y s m a l l p a r t s o f the 
s o i l s u r f a c e are w e t t e d , w a t e r l o s s e s by e v a p o r a t i o n are 
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n e a r l y p r e v e n t e d . A l s o seepage l o s s e s can be d i m i n i s h e d 
by t h e p r e c i s e amount o f i r r i g a t i o n w a t e r . C r u s t f o r m a t i o n 
o f t h e s o i l s u r f a c e i s a v o i d e d because t h e spaces between 
th e p l a n t s a r e k e p t d r y . However, t h i s p r e v e n t s t h e use 
o f d r i p i r r i g a t i o n f o r w a t e r i n g c l o s e l y g r o w i n g crops 
such as f o r a g e , p a s t u r e and c e r e a l s . A l s o t h e g e r m i n a t i o n 
of s h a l l o w seeds may be d i f f i c u l t by w a t e r i n g w i t h d r i p 
i r r i g a t i o n . 
As t h e m o n i t o r i n g d e v i c e s around t h e e m i t t e r s 
can m a i n t a i n a c o n s t a n t s o i l m o i s t u r e i n t h e w e t t e d 
a r e a t h e n water»with a h i g h e r s a l t c o n t e n t t h a n i s 
p o s s i b l e by s p r i n k l e r or s u r f a c e i r r i g a t i o n , can be used. 
( R e f . : Chapters 1.2.1, 1.2.2, J.2 and F i g . 4 - 5 ) . T h i s 
r e s u l t s because h i g h f r e q u e n c y i r r i g a t i o n i s e a s i l y 
p o s s i b l e by d r i p i r r i g a t i o n b u t cannot be o b t a i n e d by, 
e.g. semi f i x e d s p r i n k l e r i r r i g a t i o n systems because o f 
t h e h i g h r e q u i r e d l a b o u r demand f o r moving t h e equipment, 
or by s u r f a c e i r r i g a t i o n because o f t h e minimum water 
i n t a k e r a t e r e q u i r e d per i r r i g a t i o n c y c l e . The s a l t s 
a ccumulate i n t h e t r a n s m i s s i o n zone between t h e wet t o t h e 
d r y s o i l around t h e e m i t t e r s . The s a l t s can be l e a c h e d , 
w h i c h i s a l s o p o s s i b l e by s p r i n k l e r and s u r f a c e i r r i g a t i o n , 
by p e r i o d i c o v e r i r r i g a t i o n or even by s e a s o n a l r a i n f a l l . 
I n d r i p as w e l l as i n s p r i n k l e r i r r i g a t i o n , t h e 
w a t e r i s d e l i v e r e d t o t h e p l a n t s by o v e r p r e s s u r e t h r o u g h 
a c l o s e d p i p e system. S i n c e w i t h s p r i n k l e r i r r i g a t i o n 
t h e w a t e r has t o be spread t h r o u g h t h e a i r , t h e p r e s s u r e 
demand i s between two and t e n t i m e s h i g h e r as f o r d r i p 
i r r i g a t i o n where t h e w a t e r l e a v e s t h e p i p e s v i a t h e s m a l l 
o u t l e t s o f t h e e m i t t e r s . As a r e s u l t o f t h i s , t h e energy 
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demand and t h e a s s o c i a t e d r u n n i n g expenses a r e much l o w e r 
i n d r i p i r r i g a t i o n ( R e f . Chapter 3«5). 
D r i p and s p r i n k l e r i r r i g a t i o n a r e b o t h systems w h i c h 
do n o t r e q u i r e s u r f a c e l e v e l l i n g w h i c h i s u s u a l l y n e c e s s a r y 
f o r most o f t h e s u r f a c e f l o o d i n g i r r i g a t i o n systems. 
As t h e name o f t h e metho4 i m p l i e s , t h e r e i s a 
d r o p by dr o p w a t e r d e l i v e r y i n t o t h e s o i l by d r i p i r r i g a t i o n 
and t h i s must be p a r a l l e l e d w i t h a h o r i z o n t a l w a t e r 
movement w i t h i n t h e s o i l t o o b t a i n t h e r e q u i s i t e w e t t e d 
a r e a . I n s o i l s , where t h i s movement i s v e r y l i m i t e d , e.g. 
coarse sandy s o i l s , t h e use o f s p r i n k l e r i r r i g a t i o n may 
be r e l a t i v e l y more f a v o u r e d ; m i n i s p r i n k l e r s a r e u t i l i z e d 
A Q 
i n such c o n d i t i o n s , e.g. i n Cyprus and S o u t h - A f r i c a . 
W i t h d r i p i r r i g a t i o n , n e i t h e r t h e s o i l s u r f a c e n o r 
p l a n t f o l i a g e w i l l be m o i s t u r e d or w e t t e d , so t h a t a i r 
h u m i d i t y i s b u t s l i g h t l y i n c r e a s e d by i r r i g a t i o n . T h i s 
may d i m i n i s h t h e i n c i d e n c e o f p l a n t d i s e a s e s , p a r t i c u l a r l y 
f u n g a l a t t a c k s . On t h e o t h e r hand, and f o r t h e same r e a s o n 
t h a t m i c r o - c l i m a t e i s l i t t l e a l t e r e d , d r i p i r r i g a t i o n 
cannot be used t o p r e v e n t n i g h t f r o s t damages as i s f o u n d 
i n s p r i n k l e r i r r i g a t i o n (see Chapter 3»1)» 
The s m a l l d i m e n s i o n w a t e r o u t l e t s i n d r i p i r r i g a t i o n 
r e q u i r e s h i g h q u a l i t y maintenance o f t h e system, n o t 
o n l y i n t h e f i l t r a t i o n out o f m e c h a n i c a l w a t e r i m p u r i t i e s 
b u t a l s o i n s e v e r a l k i n d s o f c h e m i c a l t r e a t m e n t s w h i c h 
may have t o be a p p l i e d , f o r example t o a v o i d c a l c a r e o u s 
c r u s t f o r m a t i o n i n t h e e m i t t e r s as w e l l as t o p r e v e n t 
g r o w t h o f b a c t e r i a and a l g a e i n t h e p i p e s . (Ref. Chapter 
1.2.2). T h e r e f o r e , t h e o p e r a t o r s must be a b l e t o g u a r a n t e e 
- 1 7 5 -
a h i g h and c o n s t a n t l e v e l o f maintenance. As w e l l as 
t h i s , t h e maintenance o f t h e a u t o m a t i c m o n i t o r i n g 
d e v i c e s s h o u l d a l s o be a s s u r e d . 
The p o s s i b i l i t y o f h i g h f r e q u e n c y i r r i g a t i o n 
( o r i n o t h e r words, permanent w a t e r i n g ) , r e q u i r e s as 
w e l l as t h e above mentioned maintenance a l s o a h i g h 
l e v e l o f a g r o t e c h n o l o g i c a l know-how i n t h e a b i l i t y t o 
d e t e r m i n e t h e optimum s o i l m o i s t u r e adapted t o t h e 
w a t e r r e q u i r e m e n t o f t h e p l a n t s . 
As t h e e m i t t e r l i n e s a r e p l a c e d on t h e s o i l 
s u r f a c e , t h e y may o b s t r u c t mechanized o p e r a t i o n s o f s o i l 
p r e p a r a t i o n s , weed c o n t r o l and h a r v e s t . N e v e r t h e l e s s , 
s u r f a c e i r r i g a t i o n systems a l s o , a c c o r d i n g t o t h e s i z e 
o f t h e p l o t s , w a t e r c o n d u c t i n g c a n a l s as w e l l as f u r r o w s , 
r i d g e s and d i t c h e s , o b s t r u c t t h e use o f machinery. I n 
semi f i x e d s p r i n k l e r i r r i g a t i o n systems as w e l l as by 
d r i p i r r i g a t i o n i n , e , g . v e g e t a b l e s , t h e pipes and l i n e s 
can be removed when n o t r e q u i r e d . W h i l s t t h i s r e q u i r e s 
a l a b o u r i n p u t , t h e demand i s l e s s t h a n i n e a r t h moving 
o f s u r f a c e i r r i g a t i o n f e a t u r e s . 
Because o f t h e p o s s i b i l i t y o f h i g h f r e q u e n c y w a t e r i n g 
by d r i p i r r i g a t i o n and t h e accompanying c l o s e c o n t r o l 
o v er t h e i r r i g a t i o n w a t e r , b e t t e r c r o p response t o 
i r r i g a t i o n and h i g h e r y i e l d s o f b e t t e r c r o p q u a l i t y a r e 
p o s s i b l e t h a n by t h e use o f s p r i n k l e r or s u r f a c e 
i r r i g a t i o n , see Ref. 3.6 and 4»9« 
The i n i t i a l i n v e s t m e n t expenses f o r d r i p i r r i g a t i o n 
equipment a r e as n e a r l y as h i g h as f o r f i x e d and semi-
f i x e d s p r i n k l e r i r r i g a t i o n systems. For s u r f a c e i r r i g a t i o n , 
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t h e l a r g e s t p a r t o f t h e i n i t i a l i n v e s t m e n t c o n s i s t s 
i n s u r f a c e l e v e l l i n g and i n t h e c o n s t r u c t i o n o f c a n a l 
systems. Because o f t h e v e r y d i f f e r e n t t o p o g r a p h i c 
c o n d i t i o n s and t h e wide range o f e a r t h moving c o s t s f o r 
l e v e l l i n g , i n i t i a l i n v e s t m e n t s f o r s u r f a c e i r r i g a t i o n 
systems cannot be s t a n d a r d i z e d b u t t h e y a r e u s u a l l y l o w e r 
t h a n f o r p r e s s u r e i r r i g a t i o n systems (Ref.: Chapter 2 . 5 ) . 
Because o f t h e h i g h i n i t i a l i n v e s t m e n t c o s t s o f b o t h , 
d r i p and s p r i n k l e r i r r i g a t i o n systems, t o a s s u r e r e t u r n s 
on t h e i n v e s t e d c a p i t a l , a s t a b l e market s i t u a t i o n f o r t h e 
p r o d u c t s as w e l l as a h i g h a g r o t e c h n i c a l and management 
l e v e l , i s r e q u i r e d . W i t h s u r f a c e i r r i g a t i o n , where t h e 
v a r i a b l e c o s t s a r e u s u a l l y h i g h e r t h a n t h e f i x e d c o s t s , 
i n s t a b i l i t i e s i n t h e market f o r p r o d u c t i o n can be, t o 
some e x t e n t , c o u n t e r e d by t h e r e d u c t i o n o f t h e c u r r e n t 
i n p u t s . 
The v a r i a b l e c o s t s , i n comparison w i t h s p r i n k l e r 
and s u r f a c e i r r i g a t i o n systems, a r e low i n d r i p i r r i g a t i o n . 
T h i s , b e s i d e s t h e low energy demand f o r w a t e r i n g , r e s u l t s 
m a i n l y f r o m t h e c o m p a r a t i v e l y low l e v e l o f l a b o u r demand 
i n d r i p i r r i g a t i o n . A l s o t h e c o s t s , e s p e c i a l l y i n l a b o u r , 
i n c u r r e d f o r c r u s t b r e a k i n g and weed c o n t r o l w h i c h i s 
o b l i g a t o r y i n most o r c h a r d c u l t i v a t i o n s a f t e r each 
w a t e r i n g by s p r i n k l e r and s u r f a c e i r r i g a t i o n a r e 
d i m i n i s h e d i n d r i p i r r i g a t i o n because o f t h e p e r m a n e n t l y 
d r y s u r f a c e o f t h e e a r t h ( R e f . ; C hapter 2, P i g . 2 . 4 ) . 
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Figure 4.12 i n a s i m p l i f i e d and schematic form 
compares the main c h a r a c t e r i s t i c s as w e l l as the f i e l d s 
of a p p l i c a t i o n of surface, semi-fixed s p r i n k l e r and d r i p 
i r r i g a t i o n . I t can be observed t h a t s p r i n k l e r i r r i g a t i o n 
takes an in t e r m e d i a t e p o s i t i o n between surface and d r i p 
i r r i g a t i o n . I n terms of water d e l i v e r y to the f i e l d 
through overpressure by a closed pipe system, s p r i n k l e r 
i r r i g a t i o n has the same c h a r a c t e r i s t i c s as d r i p i r r i g a t i o n . 
These same c h a r a c t e r i s t i c s of water d e l i v e r y t o the s o i l 
and p l a n t s have consequences f o r water e f f i c i e n c y 
( q u a n t i t y r e q u i r e d ) , water q u a l i t y and requirements f o r 
energy, labour and running expenses, and here the p o s i t i o n 
of s p r i n k l e r i r r i g a t i o n approximates c l o s e l y t o the 
c h a r a c t e r i s t i c s of surface i r r i g a t i o n . 
I f we e x t r a c t the r e l e v a n t values from P i g . 4.12 
the s i g n i f i c a n t p r o p e r t i e s of d r i p i r r i g a t i o n can then 
be i s o l a t e d as f o l l o w s : 
- advantages o£ d r i p i r r i g a t i o n ; 
. h i g h e f f i c i e n c y of i r r i g a t i o n w a t e r i n g , 
. low pressure demand f o r water d i s t r i b u t i o n , 
. water a p p l i c a t i o n w i thout l e v e l l i n g over uneven 
topography 
. c o n t r o l over the i r r i g a t i o n water i s v o l u m e t r i c a l l y 
assured w i t h the a d d i t i o n a l advantage of: 
. s a l t c o n t r o l i n the s o i l water, 
and 
. the p o s s i b i l i t y of continuous water a p p l i c a t i o n by 
hig h frequency i r r i g a t i o n cycles 
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t h e r e f o r e 
i r r i g a t i o n water w i t h high content of di s s o l v e d s a l t s 
can be a p p l i e d w i t h o u t depressing growth, 
low water o u t l e t r a t e s per e m i t t e r and u n i t of time 
together w i t h the p o s s i b i l i t y of high frequency-
i r r i g a t i o n cycles a l l o w watering a p p r o p r i a t e t o a 
great range of s o i l types and of plant-water r e q u i r e -
ments , 
water losses by seepage can be e a s i l y avoided, 
uniform water a p p l i c a t i o n s along the l i n e of f l o w by 
a closed pipe system, 
whereby 
the p l a n t s are kept dry, 
a i r h umidity w i l l not be appreciably a f f e c t e d by 
wa t e r i n g , 
the s o i l surface between the plant spaces i s kept dry, 
t h e r e f o r e 
s o i l c r u s t f o r m a t i o n i s avoided, 
and 
water losses by evaporation are n e g l i g i b l e , 
the p o s s i b i l i t y of automatic c o n t r o l , 
low labour demand, 
low demand i n running expenses 
isadvantages of d r i p i r r i g a t i o n 
water f i l t r a t i o n f o r s o l i d i m p u r i t i e s i s o b l i g a t o r y , 
chemical water treatment i s necessary f o r s p e c i f i c 
d i s s o l v e d chemical water i m p u r i t i e s , 
h o r i z o n t a l water movement capacity i n the s o i l i s 
r e q u i r e d , 
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. pipe network of the e m i t t e r s may o b s t r u c t mechanized 
c u l t i v a t i o n or harvest o p e r a t i o n s , 
. c l o s e l y growing crops such as c e r e a l s , forage and 
pasture may not be i r r i g a t e d by d r i p i r r i g a t i o n , 
. crop p r o t e c t i o n against n i g h t f r o s t damages cannot be 
obtained, 
. spare p a r t s should be a v a i l a b l e a t shor t n o t i c e , 
because 
. durin g the growing season, stoppage of the system 
even f o r very s h o r t periods can i n j u r e crop growth, 
. high i n i t i a l cost of the equipment (almost the same 
as f o r s p r i n k l e r i r r i g a t i o n ) , 
. economic and marketing s i t u a t i o n should be assured 
f o r r e t u r n s on c a p i t a l , 
. t e c h n i c a l know-how of the operator i s r e q u i r e d , 
. h i g h t e c h n i c a l and o r g a n i s a t i o n a l background of the 
farmer and/or a d m i n i s t r a t i v e o r g a n i s a t i o n i s necessary. 
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Figure 4.12 Comparison of main c h a r a c t e r i s t i c s and f i e l d s of 
a p p l i c a t i o n of d i f f e r e n t i r r i g a t i o n methods. 
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4.5 UTILIZATION OP DESIGN CRITERIA AND CHOICE OF 
IRRIGATION TECHNIQUES 
The design c r i t e r i a f o r any i r r i g a t i o n method, as 
sta t e d i n e a r l i e r chapters, c o n s i s t of framework data, 
based on research or experimentation work which may be 
u t i l i z e d as reference data a p p r o p r i a t e t o the s p e c i f i c 
l o c a l c o n d i t i o n s . Therefore, i n order t o pr o p e r l y u t i l i z e 
the design c r i t e r i a , data r e l a t i n g t o l o c a l c o n d i t i o n s , as 
shown i n Figures 3.14 and 4.14 should be obtained and used 
i n the i d e n t i f i c a t i o n of l o c a l s u i t a b i l i t i e s or c o n s t r a i n t s 
r e l e v a n t t o the i n s t a l l a t i o n or s e r v i c e a b i l i t y or s p e c i f i c 
i r r i g a t i o n methods. I n the procedure of s e l e c t i n g one or 
more i r r i g a t i o n methods by using design c r i t e r i a , a 
sequence of o p e r a t i o n a l steps have t o be taken c o n s i s t i n g 
of e.g. data c o l l e c t i n g , e v a l u a t i n g , p r e s e l e c t i o n and 
s e l e c t i o n of an i r r i g a t i o n method a p p r o p r i a t e to the l o c a l 
c o n d i t i o n s e t c . . Figure 4.13 gives a summarized but system-
a t i c overview of such a sequence. As shown i n Figure 4.13> 
the f i r s t step must c o n s i s t i n c o l l e c t i n g data of the con-
d i t i o n s which e x i s t on a farm r e g i o n , f o l l o w e d by t h e i r 
c l a s s i f i c a t i o n and comparison w i t h requirements as shown 
i n Figure 4.14. From Figure 4.14 we can i d e n t i f y conse-
quencial r e s t r i c t i o n s on choice and/or c e r t a i n c r i t i c a l 
demand requirements associated w i t h one or more i r r i g a t i o n 
methods. 
Step two i s t h a t of i d e n t i f y i n g those i r r i g a t i o n 
methods f o r which no r e s t r i c t i v e or c r i t i c a l i n d i v i d u a l 
f a c t o r or combination of f a c t o r s can be observed. There 
must also be proof of the a p p l i c a b i l i t y of such i r r i g a t i o n 
-182-
methods f o r w a t e r i n g the r e q u i r e d crops. Here we can 
r e f e r t o the c r i t e r i a i l l u s t r a t e d i n Figure 3«14. I n 
the event t h a t one or more r e s t r i c t i v e , c r i t i c a l , or 
high investment demanding c r i t e r i a can be i d e n t i f i e d 
at t h i s l e v e l , f u r t h e r d e t a i l e d e v a l u a t i o n c r i t e r i a 
must be u t i l i z e d . Such c r i t e r i a have been considered 
i n e a r l i e r Chapters and i l l u s t r a t e d s p e c i f i c a l l y i n 
Figure 3.14 as w e l l as i n the Figures 3.6 t o 5•13• 
A d d i t i o n a l l y , c o n d i t i o n s , which i n the f i r s t i nstance 
appear to m i l i t a t e a gainst the use of a p a r t i c u l a r 
i r r i g a t i o n method, should be analysed i n terms of the 
t e c h n i c a l and economic f e a s i b i l i t y of m o d i f y i n g them. 
The whole complex m u l t i - v a r i a b l e s i t u a t i o n cannot 
f u r t h e r be examined i n t h i s t h e s i s and c o n c e n t r a t i o n 
i s mainly on examining d e t a i l e d i n d i v i d u a l or grouped 
problems. This can be j u s t i f i e d by the a l r e a d y e s t a b l i s h e d 
f a c t of the c r i t i c a l importance of c e r t a i n minimal i n p u t s 
or s a t i s f a c t i o n of s p e c i f i c requirements i n l o c a l economic 
and environmental c o n d i t i o n s . For example, i f the water 
i m p u r i t y i s so h i g h t h a t usual standard f i l t e r s may not 
be s u f f i c i e n t f o r d r i p i r r i g a t i o n , i n q u i r i e s about other 
t e c h n i c a l s o l u t i o n s and t h e i r costs should be c a r r i e d 
out; or, i f a shortage of labour i s found where other 
c o n d i t i o n s are s u i t a b l e f o r s p r i n k l e r i r r i g a t i o n then 
i n v e s t i g a t i o n s i n t o s p r i n k l e r i r r i g a t i o n systems w i t h 
less demand on man hours per ha should be r e a l i z e d 
( t h i s would i n d i c a t e d i n Table 4.14); o r , i f f o r d r i p 
i r r i g a t i o n which s a t i s f i e s other requirements the human 
labour a v a i l a b l e i s too low at t r a i n e d l e v e l , the 
-183-
p o s s i b i l i t y of s p e c i a l t r a i n i n g should be brought i n t o 
c o n s i d e r a t i o n ; or, i f the topography f o r the otherwise 
s u i t a b l e surface i r r i g a t i o n may be too accidented, one 
can s e l e c t a surface i r r i g a t i o n method which may be 
t o l e r a b l e under these c o n d i t i o n , e.g. c o r r u g a t i o n i r r i g a t i o n 
(see Figure 3-1 and/or Figure 3.14). 
The t h i r d step c o n s i s t s i n p r e s e l e c t i n g one or a 
few i r r i g a t i o n methods which could be e s t a b l i s h e d w i t h o u t 
s e r i o u s r e s t r i c t i n g f a c t o r s . I n a d d i t i o n t o t h i s , p r i o r i t y 
has t o be g i v e n t o the p a r t i c u l a r aims t o be achieved and 
which w i l l vary from case to case, e.g. water saving, 
u t i l i z i n g a labour i n t e n s i v e system or low i n i t i a l investment. 
A l s o , the t e c h n i c a l and economic f e a s i b i l i t i e s of improving 
e x i s t i n g i r r i g a t i o n methods, and of a s c e r t a i n i n g the 
c o m p a t i b i l i t y of new methods w i t h a p a r t i a l l y r e t a i n e d 
e x i s t i n g system, should be measured against the 
c o s t / b e n e f i t of i n n o v a t i o n (see Chapter 4.2). 
I f these requirements can be obtained by one or a 
few of the preselected i r r i g a t i o n methods, as step f o u r , 
the s e l e c t i o n of the i r r i g a t i o n method most economic, 
c u l t i v a t i o n s p e c i f i c and g e n e r a l l y a p p r o p r i a t e t o l o c a l 
c o n d i t i o n s , can be done. I n the event t h a t through none 
of the preselected i r r i g a t i o n methods can any r e q u i r e d 
p r i o r i t y be achieved, then compromises must be reached 
by s e l e c t i n g those i r r i g a t i o n methods which are r e l a t i v e l y 
most a p p r o p r i a t e t o the l o c a l c o n d i t i o n s , i . e . where the 
lowest and l e a s t c r i t i c a l r e s t r a i n t p o i n t s can be observed. 
Here, too, the examination of the p o s s i b i l i t i e s of a l t e r i n g 




The f i f t h step a f t e r having s e l e c t e d an i r r i g a t i o n 
system which seems t o be the most a p p r o p r i a t e t o the 
l o c a l c o n d i t i o n s c o n s i s t s of planning the i r r i g a t i o n 
s p e c i f i c agrotechnology as w e l l as c a r r y i n g out marketing 
research f o r the purpose of a s s u r i n g r e t u r n s on the r e -
quired i n p u t s , i . e . investment. I n p a r t i c u l a r , there must 
be reasonable proof of whether h i g h i n i t i a l investments 
compared w i t h low running expenses w i l l be more f a v o u r -
able or v i c e versa. 
Since each i r r i g a t i o n method r e q u i r e s s p e c i f i c 
agrotechnologic operations f o r crop p r o d u c t i o n , the nec-
essary c u l t i v a t i o n techniques e.g. i n s o i l p r e p a r a t i o n , 
crop p l a n t i n g and h a r v e s t i n g e t c . , w i l l d i f f e r . Therefore, 
the i n t r o d u c t i o n of new i r r i g a t i o n methods r e q u i r e s not 
only investment i n the i r r i g a t i o n s e c t o r alone, but a l s o 
i n the choice of new c u l t i v a t i o n o p e r a t i o n s , f i r s t l y i n 
terms of f o l l o w - u p investments on machinery, p a r t i c u l a r l y 
f o r the purpose of s p e c i f i c s o i l p r e p a r a t i o n and c u l t i v a t i o n 
work. E s p e c i a l l y w i t h d r i p i r r i g a t i o n , i n comparison to 
surface and s p r i n k l e r i r r i g a t i o n , the precise d r o p l e t 
water d i s t r i b u t i o n i n h i g h i r r i g a t i o n frequencies r e q u i r e s 
a s t r i c t c o n t r o l of i r r i g a t i o n and o f t e n a l s o of the 
c u l t i v a t i o n techniques (Ref. Chapter 4.3) • To avoid over-
wate r i n g or water s t r e s s , the i r r i g a t i o n water has to be 
d i r e c t e d t o the p l a n t s by t e c h n i c a l devices, which are auto-
m a t i c a l l y c o n t r o l l e d by the s o i l moisture respondens, e.g. 
by the use of tensiometers or porous r e s i s t a n c e blocks. 
These t e c h n i c a l devices w i l l n ormally support and assure 
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the e f f e c t i v e use of d r i p i r r i g a t i o n systems. 
Further s i g n i f i c a n t o p p o r t u n i t i e s of v a r y i n g 
c u l t i v a t i o n techniques by watering w i t h d r i p i r r i g a t i o n 
a r i s e i n the c u l t i v a t i o n of crops which otherwise are 
normally r i d g e planted, such as tomato, paprika and melons. 
Under d r i p i r r i g a t i o n they can be grown on f l a t t i l l e d 
s urfaces, mostly i n double rows as i n d i c a t e d on Figure 4-11, 
thus r e p r e s e n t i n g a considerable saving i n land p r e p a r a t i o n 
and associated labour demand. I n orchards, d r i p i r r i g a t i o n 
l a y o u t can be made t o conform w i t h other c u l t i v a t i o n or 
t r e e spacing; even the c u l t i v a t i o n work i n c r u s t breaking 
and weed c o n t r o l i s minimized. 
I n t h i s t h e s i s we have had t o confin e a t t e n t i o n 
to the r e l a t i o n s h i p between c o n d i t i o n s and requirements 
i n term which r e l a t e s almost e n t i r e l y t o the i n t e r n a l 
c h a r a c t e r i s t i c s of i r r i g a t i o n systems. I n t h i s Chapter 
we have i d e n t i f i e d the c r i t e r i a by which we can asses the 
appropriateness t o l o c a l c o n d i t i o n s of d i f f e r e n t 
i r r i g a t i o n methods, almost e n t i r e l y i n terms of 'on farm' 
c o n d i t i o n s . 
However, p a r t i c u l a r l y i n e v a l u a t i n g the d r i p i r r i g a t i o n 
method, a t t e n t i o n has had to be drawn to the wider i m p l i c a t i o n s 
of the i d e n t i f i e d requirements f o r successful and op t i m a l 
use of d r i p i r r i g a t i o n . I n p a r t i c u l a r , c e r t a i n p o i n t s 
need t o be emphasised. F i r s t as a s o p h i s t i c a t e d engineering 
system i t r e q u i r e s s k i l l e d o p e r a t i o n and good t e c h n i c a l 
backup s e r v i c e s . Secondly, as a s o p h i s t i c a t e d a g r i c u l t u r a l 
system i t r e q u i r e s r e l a t i v e l y s k i l l e d farmers able to 
appreciate the d e l i c a t e environmental and b i o l o g i c a l 
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responses i n v o l v e d . T h i r d l y , since d r i p i r r i g a t i o n 
r e q u i r e s h i g h c a p i t a l investment f o r i n s t a l l a t i o n , 
i f r e t u r n s are t o be adequate then p r o d u c t i o n may 
have t o be concentrated i n high-value products. This 
i n t u r n has i m p l i c a t i o n s f o r marketing and processing 
- both i n o f f - farm technology and i n o r g a n i s a t i o n . 
Question of l o c a t i o n e t c . a l s o c l e a r l y become r e l e v a n t 
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Figure 4.14 Summarized but abs t r a c t 
overview about d i f f e r e n t 
c o n d i t i o n s , a f f e c t i n g the c o n s t r u c t i o n , 
cost and s e r v i c e a b i l i t y of d i f f e r e n t 
i r r i g a t i o n methods (Ref.: Nomenclature) 
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C H A P T E R F I V E 
CONCLUSION 
I n t h i s t h e s i s the advantages and disadvantages 
of surface, s p r i n k l e r and d r i p i r r i g a t i o n i n terms of 
t h e i r main c h a r a c t e r i s t i c s and requirements have been 
described. Drip i r r i g a t i o n has been compared w i t h other 
i r r i g a t i o n methods by the use of t h e o r e t i c a l data as w e l l 
as through p r a c t i c a l case study examples. As a r e s u l t o f 
t h i s , we have shown t h a t the successful operation o f any 
i r r i g a t i o n method depends on i t s s p e c i f i c appropriateness 
t o l o c a l c o n d i t i o n s . An attempt was then made t o develop 
a check system which allows us t o evaluate whether d r i p 
i r r i g a t i o n or other i r r i g a t i o n methods would be more 
appropriate t o various l o c a l c o n d i t i o n s . This was adapted 
as an o b j e c t i v e , because d r i p i r r i g a t i o n represents a 
r e l a t i v e l y new i r r i g a t i o n method f o r which codes of p r a c t i c e 
based on p r a c t i c a l experiences are not as w e l l e s t a b l i s h e d 
as f o r the t r a d i t i o n a l i r r i g a t i o n methods such as surface 
and s p r i n k l e r i r r i g a t i o n . 
We can summarise the 'on-farm' s i t u a t i o n as f o l l o w s . 
F i r s t , d r i p i r r i g a t i o n i n almost a l l cases i s a recommendable 
technology f o r watering row crops such as vegetables i n 
greenhouses or under open a i r c o n d i t i o n s , as w e l l as orchards 
and shrubberries. Secondly 9 i n p a r t i c u l a r where there i s a 
shortage of i r r i g a t i o n water, or i r r i g a t i o n water contains 
a high s a l t content, i n c o n d i t i o n s o f d i f f i c u l t topographies, 
heavy s o i l s w i t h low i n f i l t r a t i o n r a t e s or where there i s 
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an extreme tendency to the formation of s o i l c r u s t , i n a l l 
these cases d r i p i r r i g a t i o n can be recommended as being 
the primus i n t e r pares of the i r r i g a t i o n methods. L a s t l y , 
labour shortage on one hand as w e l l as, on the other, the 
desi r e to c u l t i v a t e i n t e n s i v e and high valued crops, both 
favour the use of d r i p i r r i g a t i o n . 
Generally, d r i p i r r i g a t i o n might be seen as a 
technology which provides high water use e f f i c i e n c i e s o f 
up t o 90%, associated w i t h nearly absolute c o n t r o l over the 
placement and amount of water a p p l i e d ; these f e a t u r e s 
perhaps make i t the obvious choice f o r a r i d and semi-arid 
regions. 
The agrotechnological consequences of the a p p l i c a t i o n 
of d r i p i r r i g a t i o n are not so severely r e s t r i c t i n g t h a t 
they represent i n themselves i n many cases serious 
i n h i b i t i o n s o f the use of t h i s method. For example, the 
i n t e n s i v e u t i l i z a t i o n of l i m i t e d water resources had 
been r e a l i z e d by d r i p i r r i g a t i o n and the method favoured 
e q u a l l y s u i t a b l e i n regions as d i f f e r e n t as I s r a e l and 
many parts of the U.S.A.„ T h e o r e t i c a l l y t h i s could have 
provided the basis f o r the choice of t h i s method o f 
i r r i g a t i o n i n other countries w i t h serious problems of 
water shortage as i n Egypt or sub-humid I n d i a and Pakistan. 
Here ? we have to recognise other f a c t o r s which m i l i t a t e 
against the use of h i g h l y s o p h i s t i c a t e d i r r i g a t i o n techniques 
f o r example i n a p p r o p r i a t e 
- macro and micro-economic s i t u a t i o n s such as inadequate 
t r a n s p o r t networks, low purchasing power of large 
sections of the p o p u l a t i o n 0 Further, i n many such 
-193-
countries we f i n d a low l e v e l of education and t e c h n i c a l 
t r a i n i n g of the farmers. These f a c t o r s are r e l e v a n t 
also to most of i n t e r - t r o p i c a l A f r i c a . 
I n most of the less developed c o u n t r i e s , the general 
p o l i c y f o r r e c l a i m i n g new i r r i g a t e d areas as w e l l as the 
improvement of already c u l t i v a t e d regions, i s based on 
extension on areas covered by surface f l o o d i n g i r r i g a t i o n . 
This i n many cases i s also w e l l regarded as being 
r e l a t i v e l y l a b o u r - i n t e n s i v e as w e l l as w i t h i n the capacity 
of broad number of farmers. Nevertheless, we also f i n d 
i s o l a t e d i n s t a l l a t i o n s of d r i p and s p r i n k l e r i r r i g a t i o n , 
mostly managed by t r a i n e d l o c a l or f o r e i g n management i n 
such regions. During personal stay i n Northern Senegal 
i n 1978 i t was observed t h a t The State Sugar Company had 
taken the d e c i s i o n t o change the furrow i r r i g a t i o n system 
t o d r i p i r r i g a t i o n f o r a few thousand ha of sugarcane 
using p l a s t i c pipes extruded by the estate company. I n t h i s 
case, the lower d i r e c t demand f o r labour r e q u i r e d by d r i p 
i r r i g a t i o n produced unfavourable side e f f e c t on employment„ 
However, such e f f e c t s , assuming a dynamic general development 
movement, could be negated i f the general l e v e l of farm 
mechanisation r i s e s w i t h a consequential r i s e i n demand 
f o r ' o f f - f a r m ' labour. For example, the extension of the 
i r r i g a t e d area w i t h the subsequent increase i n range of 
farm products, e t c , can create new working places i n the 
processing i n d u s t r i e s f o r a g r i c u l t u r a l products as w e l l as 
i n the manufactures and r e p a i r services. These examples are 
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used only to i l l u s t r a t e the more general c o n t e x t u a l 
s o c i a l and economic systems w i t h i n which to 
appropriate any p a r t i c u l a r i r r i g a t i o n technology 
have t o be measured. However, a l l things being 
equal, we can assent t h a t the technology o f d r i p 
i r r i g a t i o n cannot be s u c c e s s f u l l y introduced i n t o 
a p o o r l y or non-mechanised farm s t r u c t u r e or i n t o 
p o o r l y commercialised s o c i e t i e s , but i t can be 
e a s i l y embeded a t a broad l e v e l i n t o mechanised 
farming s t r u c t u r e s and s o p h i s t i c a t e d s o c i e t i e s . 
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B I B L I O G R A P H Y 
I n a d d i t i o n t o the works r e f e r e d to and 
l i s t e d a t the end of each chapter, 
t h i s b i b l i o g r a p h y contains the l i t e r a t u r e 
consulted and r e l e v a n t to t h i s t h e s i s . 
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